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“WAYS” ree on de FACT 


MODERN METALS REDUCE OPERATING COSTS 
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General Motors’ use of Nickel alloyed iron 
in Diesels for these Santa Fe streamliners 
cut weight per H.P. Nickel-chromium 
tron is touyher, retains strength at high 


Railways, highways and water- ar B44 ee ae ee ee 


pn 
ways present varied operating WATERWAYS 
problems. But each transport 
system agrees operating costs 
can be reduced by utilizing 
modern materials—such as 


Nickel alloyed cast irons. 


lor new equipment or re- 
placement parts, take full ad- 
vantage of the money-savings 
made possible by modern metal- 


lurgy and engineering. Make 





28-inch dredge liners used at Ft. Peck: 
Dam. Under identical conditions the 
liner at left above, rolled from plain 
steel wore out after handling less than 
1). million cubie yards. The liner at 
right above cast from Ni-Hard the 
abrasion-resistant Nickel iron—with- 


each ounce, each inch of metal 
carry bigger loads, resist harder 


wear, by specifying the correct 


stood 2-1/3 million yards and after jn- 
spection it was put back in service to 
alloy strengthened and tough- ane miitions more yards te ite career. 


ened with Nickel. 


Mack Mfg. Corp. casts these heavy 
duty truck cylinder blocks in their 
own foundry from Nickel alloyed iron. 
Nickel increases machinability, per- 
mits drilling at speeds 1'4 times faster 
than in other irons of same hardness. 


eee — pa ve Company, Inc., Canadian Patent No, 281986 
THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y. 


PropucT ENGINEERING 








yn 
rs 
me 
yh 


id 


(a— 


the 
Lin 
an 

at 
the 
th- 
jn- 

to 
er. 


Lv 
eir 
on. 
er- 


ter 


ckel 


. 


VG 


PRODUCT ENGINEERING 


What's Coming— April P. EF. will pre- 
sent the largest and most comprehensive 
group of reference charts, tables and design 
standards that have ever appeared in one 
number. Among the subjects covered will 
be vibration dampers, oilless bearings, steel 
casting design standards, properties and 
applications of copper and brass alloys. 
types of wrinkle finishes. compression-spring 
adjusters, flexible shaft end mountings. 
tables for obtaining WR* monograms. for 
cold-molded materials. and many others. 
And in addition to all this the annual 
comprehensive directory of sources of Ssup- 
ply for engineering materials and_ parts 


completely revised and brought up-to-date. 


Cover Pieture—<Automatic machine 
for putting cellophane hoods on milk bot- 
tles and fastening the hood with heat-sealed 
tape. Photo. courtesy Package Machinery 


Co. See page 98 for detailed description. 
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EDITORIAL$The editors are preparing over 40 pages of 
“high reference” material on more than a dozen different sub- 
jects. Each will be presented in the condensed, informative 
style that makes for quick and easy reference. Its going to 
be just the kind of material you will want at your finger-tips 


all during the year. 



















DIRECTORY=— (1 « separate section, there will be another 
specialized and authoritative Where-to-Buy Directory of over 
50 pages. It’s the only Directory in which the headings are 
especially chosen to aid product engineers in selecting sources 
of parts, materials, and finishes. Also, listings on engineering- 
department supplies and accessories that you regularly use in 
your work will occupy several pages at the end of this Directory 


section. 
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ADVERTISING—, of course, Many pages of advertising 


will supplement the editorial and Directory sections—giving you 
further information on the products in which you are inter- 
ested. Much of it will be of the catalog and reference type 
tied-in’”’ with the theme of this annual issue. Listings of all 
advertisers will appear in the Directory in bold-face type so 


that you can quickly refer to the advertising on items you need. 
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The Whole Truth Is More Convincing 





RECENTLY THE 41 $-ton. 73-passenger Boeing engineering. They know about the work of th 


jane. designed and built for transatlantic service. stress analysts who painstakinely calculate the 
| : | 





AYS t 


passed its Civil Aeronautic Authority acceptance 
tests. a necessary prerequisite before the ship could 
be put in service. In celebration of this event. Pan 
(American Airways put on a half-hour radio broad- 
cast wherein outstanding men of the air-transpor- 
tation industry spoke. \s was to be expected. 2 
ereat deal of attention was given to stressing the 
safety and dependability of modern aircraft in gen- 
eral and this new Boeing plane in particular. 

This new Boeing ship is much bigger than previ- 
ous airplanes. And the public is usually skeptical 
about things radically new. Perhaps it was for 
these reasons that several of the speakers em- 
phasized the thought that the design of the ship did 
not involve any new principles but was based on 
the aeronautical design knowledge accumulated 
since the invention of the airplane by the Wright 
brothers. 

As so frequently happens. over-emphasis may 
resu't in creating the opposite impression, Listening 
to the broadcast. one might have gotten the impres- 
sion that the design of this 413-ton airplane was 
merely a matter of the arbitrary application of 
handbook formulas and the making of draftsman s 
tracings of standardized layouts. Yet that is fat 
from the idea that was intended to be conveyed 
and even a layman completely ignorant of engineer- 
ing procedure in the design of aircraft must have 
sensed that this great and wonderful new ship re- 
quired a good deal of original engineering work. 

kngineers in general recognize that aeronautical 


design holds by a wide margin the first rank in 


effects of every conceivable type of load to wuich 
the members might be subjected. It is generally 
known that full size and scale models are built and 
subjected to numerous tests to determine their 
strength. detect their weaknesses and check the 
work of the stress analysts. Guesses and assump- 
tions concerning the final design are not permitted. 
Every detail must stand the acid test of performance. 

Likewise. in the manufacture of airplanes. exact- 
ness and quality are demanded and attained to a 
degree that is not equalled in any other industry. 
Tens of thousands of separate inspections are made 
in the course of the manufacture of one airplane 
engine and the final running test to which it is sub- 
jected is far more gruelling than anything to which 
it mav be subjected in ordinary flight. 

At least to an engineer it seems that it would have 
heen more appropriate. convincing and effective if 
the speakers on Pan American's broadcast had 
omitted all reference or allusion to any thoughts 
that this $1 3-ton ship did not require the solution of 
new design problems—which it) certainly must 
have. Instead. they might have in a few brief words 
stressed the great dependability of the wonderful 
engineering achievement and = dramatically men 
tioned how painstakingly and accurately the work 
was accomplished and how every detail was checked 
by repeated tests. Such being the frank and open 
truth. it would have been much more convincing. 
if properly presented. And the Boeing engineers 
would have received at least a crumb of the great 


credit which is due them. 














BALL BEARING TROUBLES 


How to Determine 


Causes 


THOMAS BARISH 


by kxamining 
e c 


bearings 


{ssistant Chief Engineer, Marlin-Rockwell Corporation 


More than 95 per cent of all ball bearing 


troubles investigated resulted from defective 


mounting, improper operating conditions and 


similar causes which 


by visual inspection of the bearing 


Fig. I 


that has operated under radial load can 


Absence of trouble in a bearing 


easily be recognized. As in these bearings 
which evidently were properly mounted, 
load 
kept clean and properly lubricated, the 
path of the balls in the highly polished 
races shows as a dulled surface similar 


operated under good conditions, 


to a lapped surface, wherein the micro- 
scopically find grinding scratches have 
smoothed out. There has been no 
appreciable removal of material from the 
indicated by the fact that 
there has been no measurable decrease in 
the balls, though 
entire surface has been dulled. 


been 
surface, as 


the diameter of their 

Other indications that operating condi- 
tions have been satisfactory are the uni 
the ball paths, their 
parallelism with the side of the 


formity of exact 


races, 


} 
Ind 


cating correct alignment, and the cen 


tering of the ball track in the race 
this indicating that the bearing carried a 
purely radial load. Normally, the outer 
race. if fixed. should earry load for less 
than half the circumference, but in this 


‘an usually be detected 


instance either the load rotated or. more 
likely, the outer race crept slightly in th 
housing, thus distributing the ball con 
tact around the entire circumference 


Fig. 2—Angular-contact bearings that 
have operated a considerable length of 
time under ideal conditions, carrying a 
pure thrust load, show the ball path rid 


ing the sides of the race, approaching the 
edge of the shoulder but not reaching it. 
If the radial-type bearing shown in Fig. 
1 had thrust load. its 
ball path would have been off-center. but 


been carrying a 


not as much 


as shown here for the an 


sular- contact bearing. 
If operating conditions are correct. the 
balls in will 


have their entire surfaces dulled, appear- 


angular-contact bearings 


ing just like the ball paths, but with one 
important exception. If a thrust load has 


1 
ontinuously tor the 


been present « 
oper 
é iwugh relative to the radial load to kee p 
the balls in contact at all 


balls will 


entire 


period ol ind if it was lat re 


ition 


times, the 


’ ' 
show a circumterential band 







is in illustration above. indicating that 
(1) The balls did not normally spi 
change their axis of rotation; (2) TI 
fatigue life of the balls has been redu 
} { 


because of the small area of ball surface 


> 


used: {oO} If the bands have appree abl 


depth there has been material wea 
caused by improper operating conditions 
If when conditions tha 
circumferential bands, the be: 
the load wer 
removed or shifted, the axis of spin of th 
balls would. shift, 


roughness or noisy operation if the valls 


operating under 
caust ring 


setting were disturbed or 
] t 
Causing immedla 


have been worn appreciably. 


Fig. 8—The 


which a bearing 


magnitude of the loa 
has supported « 
determined roughly from measurement’ 
of the bearing provided the conditiens | 
been 
good as shown in Fig. 1 or Fig. 2. Tht 
ball 


considered a 


operation have approximate'y 4 


contact area, sometimes errone ousi! 


iarrow ellipse, the major axis of 
is exactly equal to the width of tl 
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point, is actually long 
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Damage Caused by Foreign Matter 


BALL BEARINGS are particularly sensitive 
to dirt or foreign matter, which is always 
more or less abrasive, because the very 
high unit pressure between the ball and 
race and because of the rolling motion 
which tends to entrap the pieces. particu- 
larly if they are small. 

In the minds of some, blaming unsatis- 
factory operation of ball bearings on 
“foreign matter” is merely an alibi of the 
bearing manufacturer. But the fact is 
that this is cause of 


most common 


damage to ball bearings. The foreign 
matter may get into the bearing during 
the initial assembly of the machine. dur- 
ing repairs. by seepage from the atmos- 
phere into the bearing housing during 
operation of the machine or it might even 
get in as adulterants in the lubricant. 
The character of the damage caused by 
different types of foreign matter getting 
into” ball 
with the nature of the foreign matter. 


bearings varies considerably 


matter or matter 


that is soft enough to be ground fine by 


Fine foreign foreign 
the rolling action of the balls will have 
an effect the same as that which results 
from the presence of a fine abrasive or 
lapping material. The races become worn 
in the ball paths. the balls wear and the 


bearings become loose and noisy. The 
lapping action increases rapidly as the 
fine steel removed from the bearing sur- 
faces adds more lapping material. 

Hard coarse foreign matter such as 
iron, steel or other metallic particles in- 
troduced when assembling the machine. 
produce small depressions of a character 
different 
duced by overload failure. acid etching 


considerably from those pro- 
or corrosion. Jamming of the hard parti- 
cles between the balls and the races may 
cause the inner race to turn on the shaft 
or the outer race to turn in the housing. 

Water. acid or other corrosive mate- 
rials. or corrosives formed by deteriora- 
tion of the lubricant. produces a type of 
reddish 
etched 
holes over the entire exposed surface of 


failure that is indicated by a 
brown coating and very small 
the races. Frequently the etching does 
net show on the ball path because the 
rolling action of the balls pushes the 
lubricant. loaded with corrosive. away 
from the ball path. The corrosive oxides 
formed act as lapping agents that cause 
wear and produce a dull gray color on 
the balls and the ball 
trasted with the reddish brown color of 


paths. as con- 


the remainder of the surface. 











var 





Fig. 1 


ing laps the ball surfaces and ball races. 


Fine foreign matter in the bear 


the wear causing the bearings to become 
loose. Ino this 
0.002. in. 


almost perfectly round 


bearing the 


worn undersize. though still 














Fig. %3%——Hard 


causes small depressions with round 


coarse foreign matte! 
edges and of various sizes. a type of di 
pression differing considerably from th: 


produced by overloads or corrosion. 





halls were 
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Fig. 6 Three types of race surface de- 


(A) Hard 


matter causes rounded depressions: (B) 


terioration coarse foreign 





Fig. 7 


over the entire exposed surface of the 





Overloads cause fatigue failure chara rn 
terized by sharp jagged edges: (C) Et ran 
ing causes hemispherical depressions. to fo 
tion, 

tion 

this 


| tenes 








Corrosion makes itself evident 


brown coatil al Fig 


race as a_ reddish 


=-mall etched holes. bear 
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Damage Caused by Overloads 





Fig. 8 
of the 
breaking out of the surface laver of steel. 


Overload causes fatigue failure 
material as evidenced by the 
Such a failure starts in a small area and 


spreads rapidly and would eventually 


~pread over both the races and the ball 
surfaces. Most frequently failure starts 
on inner race. Here the wide ball path 


is added indication of excessive loading. 


Fig. 9 —Effect of a thrust 


wrong direction on an angular contact 


load in the 


ball bearing. The balls rode on the edge 
of the race groove where it joins the shal 
low shouldered) counterbore and thus 
broke up the race surfaces. Under these 
conditions the balls will frequently break 
up or split. even though their material 


and heat-treatment was perfect. 





Misalignment and Off-Square 





lst ball 
path 


2nd ball 
- path 





| Fig. 10 


Outer race of a ball bearing 
that operated for a short time in perfect 





alignment and then something happened 
lo force the race into an off-square_ posi- 
tion. The two distinct periods of opera- 
tion are clearly distinguishable. Though 
this bearing was made with specially flat- 


tened ice 


curvature to give increased 






2nd bal! 
path 


Ist ball 
path 









tilting capacity. the tilting was enough 
greater to jam the balls into the race 
groove hard enough to start a fatigue fail 
ure. Measurement of the damaged bear- 
ing showed that over 3 deg. tilt. %, in. 
per ft.. could take place before the balls 
would jam into the second or off-square 
ball path. 





Fig. | \ 


conventional single row 


it had been subjected to off- 


March. 1939 


-quare operating conditions. The outer 


race ball path clearly moves from thi 





Q] 


right hand side over to the left and back 
again. The ball path was a full '< in 
off-square in about a 3 in. diameter race 
way. The ring itself was tilted only about 

in. but produced a greater change in 
the ball path because of the change in 
contact angle. The inner race had a very 
wide ball path since the ball wandered 
back and = forth 
width. 


Only the 


across nearly its full 


retainer in’ this bearing 
showed deterioration. Neither race failed 
except for a slight roughening from the 


metallic particles which came off the 


separator. The retainer cracked and then 
broke as shown. In fact. almost all sepa 
failures in a standard single row 


treeed back 


to an off-square condition of either innet 


rator 
tvpe of ball bearing can be 
or outer race. The failure is eaused by 


variations in ball speed) jamming the 


halls into the separatol pockets. 





Pressure between 
retainer and ba//s 


ry 


Rubs 
inner 
here 


This ball 
retarded 






Moving fasx,, 
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This bal/ 
advanced 
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Bal! path ———- misalignment or combined 
radial and thrust load -— or both 








| ( ) 
‘L ( 


a 


Ball path produced with perfect alignment | 
and under thrust load only 














rig. 12 


off-square operation. produces the vreal 


Ball speed variation caused by 


est effect when the balls are never free to 
readjust themselves. as in a tight bearing 
thrust 
load. The variation in ball ~peed is then 


or in a bearing carrying mainly 


accumulative and the two side balls force 
the retainer downward until it strikes the 


inner or outer race. Outer race tilting can 
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be easily determined in operation, being 
evidenced by the eccentrically operating 
retainer. With inner race cocking, the 
eccentricity of the retainer 
the inner race. 


rotates with 





Fig. 13 A had 
been forced to rub the inner race in the 
manner just described and to the extent 
of removing about 


retainer which 


solid 


in. of metal from 
the bore of the retainer. The ball pockets 
have also been gouged out considerably 
and all because of excessive tilt of inner 
or outer races. Such conditions are first 
evidenced by heat resulting from excess- 
ive binding of retainer and by small steel 
or bronze chips breaking off the retainet 
and appearing in the lubricant. 
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Fig. 14 —Four types of misalignment to 
which ball bearings may be subjected. 
(A) QOut-of-line conditions rarely cause 


trouble. The usual single row ball bear 


ing, not self-aligning type. can withstand 


', deg. angular movement, is in. pet 


foot, and if matched slightly looser than 
standard will take up to about 1% deg. 
1 


angle, 1, in. per foot, without cramping 


or binding. A shaft a foot long out-of-line 


by more than vs in. would be very un- 


usual. (B) It is far more common to find 
the bearing housing or the housing shoul- 





der corresponds to 44 deg. angular mix 
alignment. (D) Shaft deflections rar 
matter because shafts will usually |.reaj 














der tilted or off-square. (C) It is also before the angularity at the be ring} 
common to have the shaft shoulder tilt reaches 144 deg. The exceptions cccy 
the inner race. Under conditions (B) only on long shafts where diameters ar 
and (C) the same angularities are pro- reduced to an absolute minimum, is 6 
duced by much smaller errors. On a 1-in. automobile rear wheels or airplay 
diam. shaft a 0.005 in. off-square shoul- engine crankshafts. 
<Fig. 15--Inadequate shaft shoulder 
can be crushed down on one side by th 
corner radius of the bearing and leay 
the inner race tilted on the shaft. Th: 
corner radius is not always square wit! 
the ground exterior surfaces of the bear 
ing, since the corner is just turned and is 
not ground after heat-treating. Hene: 
shaft and housing shoulders should }y 
deep enough to contact the ground sid 
surfaces of the bearing. 
Brinelling and False Brinelling 
\ FEW BALL BEARINGS are brinelled when The exceptions are the smallest bearing: 
putting them on the shaft by being struck and bearings with flatter races such 
a severe blow or by extremely heavy pres- propeller shaft center support ball bea 
sure. But this is rare because most ball ings and self aligning types. The ra 
bearings have enough thrust capacity, at occasions when regular single row ba 
10 r.p.m. to permit forcing them onto the bearings are brinelled usually result fro 
shaft by pressure against the outer race, off-center blows or pressure when only 
provided the pressure is applied squarely. or 4 balls carry the entire load. 
“eatehy.” as though it had several sma 
pieces of foreign matter in it. Failur| 
may result at the flat spots on the halk: § 





Fig. 16 
by off-center 


hearing caused 
Only 


three halls produced depressions. the cen- 


Brinellinge of 


blow in mounting. 
ter mark being the deepest. Shallower 
marks frequently go unnoticed because 
the edges of the brinelled depression are 
marked change ap- 
pears in the surface of the raceway itself. 
Hence they are difficult to see 


not clearly and no 
under a 
microscope. Such bearings frequently go 
unnoticed in operation because load does 
not cause the ball path to reach the 
brinell marks on the races. However, the 
balls 


will 


acquire similar and 


make the 


depressions 


bearing sound noisy o1 


or will oceur on the races if carrying 
load for the bal 
path to reach the brinell marks. 


heavy enough thrust 








Fig. 17 


“False 
when bearings do not rotate for ext 


be re ative 


Brinelling” — oceul 


sive periods. Loads may 
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1; t but slight changes in the surfaces 
» che raceways result from even minute 
il or rotational movements and these 

or ly appear under each ball. This bear- 
which shows 5 sets of markings, 
served as a dynamometer support for ap- 


proximately 3 years. The shape of the 
so-called “point contact” of a ball bear- 
ing is shown clearly, although the ellipse 
has been lengthened and broadened by 
the small axial rotational movements of 
the balls. 





Fig. 18 


in the presence of vibration without rota- 


False brinelling pockets occul 
tion and can be very greatly deepened 
by abrasive foreign matter. Exposing the 
bearing surfaces to air will oxidize the 
microscopic metal particles freed by the 
vibrating movement and these oxides in 
turn provide the abrasive action as in the 
extreme example shown here. Some dis- 
cussion has arisen as to whether the abra- 
sion or the oxidation starts first. but the 
results are the same. 





False brinelling produces surface de- 
pressions far more rapidly when balls 
actually skid or slide on the race sur- 
faces instead of just rolling; examples 
large axial vibrations in ball bearings or 
centrifugal forces on loose balls in con 
trollable-pitch propeller bearings. 

A thorough technical analysis of this 
A]Jmen in 
Vechanical Engineering, June, 1937, and 
discussions by the author and Mr. Almen 
in the September. 1937. issue. 


subject was presented by J. EF. 





Damage Caused by Heat 





Fig. '9—Heat 


failures occur only at 


and high speed operations. The 
iuse is frequently obscured espe- 
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cially at the highest speeds and may be: 
(1) Failure of lubricant by lubricant 
source being cut off. lubricant deteriora 
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y 


tion or contamination, (2) Excessive 


load, (3) Cramped bearings, either ra 


dially 


sion ol 


tight bearings caused by expan 


inner race when pressing on 
shaft or expansion of outer race when 
pressing on housing, or axially tight by 
squeezing one bearing against another; 
(4) Off-square producing heat at re 
tainer; (5) Heat from an external 
source. 

Sometimes the initial cause may be 
diagnosed by noting which parts showed 
the initial heating, the most heating or 


by other similar indications. 


kk 





Fig. 20 —-Heat will not onlv badly oxi 
dize separators but will also soften the 
balls and 


balls because the heat cannot be con 


races, and particularly the 


ducted away from them as rapidly as 
from the races. Liberal lubrication may 
make possible continued operation for 
some time in spite of the partly softened 
balls and races, and the high centrifugal 
Thus 


forces cause the metal to flow. 


sometimes balls are produced that are 
hollow. causing the wrong assumption 


that they were made that way 
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Ingenious Feed Interlock, Adjustable Heat-Sealing in New Bottle Hood: 
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Taper-sealing heaters cannot ove! 





heat when machine is idle. In stop pos 
tion, heater brush on tape reel bracket 
Pa contacts small low-voltage section of the 


collector ring. which has its resistor set 
Built of corrosion-resistant§ mate- standard size of milk bottle. Bottles fed to 50 watts. When machine runs. brus! 
rials. this new machine, developed by from a stainless steel plane surface con- contacts the larger higher-voltage seg 
Package Machinery Company. E. Lovell veyor chain are hooded with cellophane. ment through which 70 to 150 watts ar 
Smith, chief engineer. will handle any Hood is fastened with heat-sealed tape. available for tape-fastening heat. 












pin “ _ Trip operated by bottles 
Conveyor _---~ engages hottie stopand } 

ee paper feed. Allows one 
bottle toenter machine | 
at proper time | 








*“--Link from operating 
/ | 
/ cam on poc ket-wheée 
/ shaft 








Vertica/ trip 
shaft 


‘Bottle stop and 
poper-feed trip 
operated only when 
trip paw/ has en 








No bottle—no cellophane. Cello on conveyer, it causes the pawl on the feed trip lever. thus opening trip. Th - 4 
phane feed is interlocked with bottle trip lever operated by cam on pocket lows bottle to enter the pocket whee! 
feed. As bottle contacts paper feed trip wheel shaft to engage pawl on pape simultaneously starts cellophane fe 
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Cellophane hood jis formed about bottle as elevator lifts it 




















Head 
raising 
screw 














into spinner head. This action simultaneously releases clutch fit various bottle 


on the spinner head drive. revolving head and feeding tape. 


Wall Thickness 0.040 In.—Die Cast 























_— 














Section A-A 





Be. s : 

Practically as thin as if produced 
Iro heet steel, this die cast blower 
hoy 


part of an automobile heater 
ma tured by E. A. Laboratories. has 
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a wall thickness of 0.040 in. The zine 
alloy die castings come from the dies 
accurately sized: no further machining 
operations being necessary. 





Center shaft does not revolve: can be raised or lowered to 
heights. Revolving outer column is chain 
driven from a vari-speed transmission powered by *4-hp. motor, 





Attachment of cover plate to main 


body is by means of drive screws. Drive 
screw holes are cored. not) machined 
\ssembly of blower is rapid and easy. 


Body lugs are provided for mounting 
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Modern Designs—Chrysler Imperial Fluid Coupling 


Clutch housing ventilator 
hole screen 


Runner hub oi/ seal 
Clutch housing 
Clutch driving plate 


Filler plug 












Chrysler fluid drive is based on an 
extension of the principle used in the 
English Daimler. It consists of a welded 
steel housing with a ring gear flywheel. 
80 per cent filled with light viscosity 








Clutch housing ventilator 
hole screen —rear 


Transmission main 
drive pinion 


Chitch release bearing 
and sleeve assembly 


Transmission main 
drive pinion bearing 











oil, and containing two vaned wheels: 





the driver. attached to the crankshaft. 





and the runner which drives through the 
transmission to the rear wheels. In opera- 
tion, the oil is thrown by centrifugal 
force from the driver vanes into the 
runner vanes, thus transmitting engine 
torque to the gear train. Slip is said to 
be low, about | per cent. It is claimed 
that all torsional vibrations are damped 
out. Major structural parts are of steel. 
Hubs for impeller housing and runner 


are forged, impeller housing, runner disk Engine 
and cover are pressed from cold-rolled crankshatt Sylphon Filler Clutch 
steel. Fins are stamped from cold-rolled bellows plug driving 


steel and spot-welded in place in runner sea/ disk 


disk and impeller housing. 





Transmission 
assembly 


Clutch housing pan 
venti/ator screen —rear 





Screwless Assembly in Molded Developing Tank 





Seven close-fitting parts of chemi- 
cal-resistant Bakelite phenolic make 
up this developing tank, adjustable for 
all sizes of film up to 4 by 5 in. By care- 
ful design study beforehand on a cellu- 
lose acetate model, and close checking 
of shrinkages and clearances, no mold 
changes were necessary. 
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TVurbo-Electric Power Plant on Wheels 
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Basically a high-efficieney oil-fired generation, the new Union Pacific elec- development work and testing in the 
steam plant with turbo-electric power tric locomotive is the result of two years’ General Electric Erie works. 
Battery Train- _ Main , Compressor Exhaust Condenser fan turbine 
charging heating ~ ‘turbines / Fa “heacer i «Bo/ler aux. set turbine 
set a evaporator x, Ne / 4 i | 
/Feedwater pump 
Air- cooled condensers 
A 
| 
iil QOD O_O * 
| 
e / , 4 ! / H 
Traction; “” Exciter’ 1 'Masn' ‘Boller ii ain . + 
| motor “ ! generators H Mal Fraction motors’ 
Limited space requirements ne- denses and returns all steam used, per- ventilation to condenser tubes. A vacuum 
cessitated extensive design research for mitting continuous runs of 500-700 ejector extracts any small amounts of air 
the condensing equipment. which con- miles. Turbine-driven fans supply forced which might leak into the closed system. 
| ' , raction-mo tor blower 
Alternators, i Ee a 
: C. arging 
--Main generators ~ Y i ; 
isfil g Pete \ ot fest Exciter set 
Cer - - --E = mapas 0) | 
= 7 
WWW — 
| 2 
ts Hi t : ni 
| = | Bat ery 
| ” “ Traction mofors, i f to ' Aux.set 
| \ g \ ; & start 
-—» o— ———_—— -WW4tk sn 
< Ta] past cone 
| S$ Main contro! ij — pump 
| /i/ contactors red | r1QO~-7" Cond 
| on I —0 —pa © an sidd ; = pump 
! Traction OR | t—tO-=7+ Vacuum 
p ‘motors l @ 290, pump 
H oa ee e Hatin bs = 
| é e . - ’ a4 Evapor- 
* Braking resistor ao Braking ae ator 
x of i ai Ie ms > 
‘ ae resistors 1 Qt" iin 
Tum ) ane | comp. 
| | — TOs" | “ol 
ee Lub.-oil 
a a pump 
Com)iecte automatic control of generator voltage across the axle-hung ator flexibly connected to the main gen- 
boiler auxiliaries and power units is traction motors. Primary power for erator shaft. Locomotive is braked by 
Provic 1. Speed is regulated by varying auxiliaries is supplied by an a.c. gener- using traction motors as generators 


SER (NG Mai 


1939 














98 


Machine That Spins, Processes, Dries and Twists 


Viscose Rayon Yarn Continuously 
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qd) SPINNING 
( Bobbin Method ) 


(6) DESULPHURING, WASHING 
AND 
(@) BLEACHING, WASHING 
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| 
TYPICAL FLOW CHART “INSPECT. 
FOR VISCOSE 
RAYON SPINNING . 
CENTRIFUGING 
sent methods of produc- 

A ing viscose rayon yarn (above) r 
snail after the thread is spun, seven Bs AWA vg reeiereN eres ei 
to eight unit operations performed on 
separate machines. Average processing [| j |. “}mNq-<----- Water 
time is 90 hr., plant investment is high. wh )4----- WASH | 
and product lacks uniformity in qual- “tie “pala Dilute sulphuric acid | 
ity. since yarn processed in batches is . WA /4-------- FURTHER COAGULATION : 
subject to varying intensity of treat- 9 [0 NV Lamm ne 

ne me 2 3 ee ls WASH 
ment. both chemical and physical, | NO Sodium sulphite 
.  — je eo ver aia Intermediate 

Right——The idea that gave promise <a . ae Level 
of making continuous processing pos- Trough ------<, Pe icuhiieite ! 
sible. with each thread being treated a  « Meee BLEACH ! 
individually and passing continuously [| eee NN Water 
over successive reels. The material em- nS << @ Neen WASH . 
bodiment of this idea presented many hp x ----- Dye or sizing 
design problems. One was to cause a jd IVE OR SITE ; 
automatic thread advancement on the seams cand i 
reels: ingenious reel design solved this. > teed ps 
Another problem was to find an eco- Hot water...’ <--DRY 
nomical material resistant to the cor- _ SA L 
rosive treating chemicals. A’ special wttont 
Durez phenolic resin was developed: SCHEMATIC -OPERATION aan TRUEST Level 
the S6.400 reels required were molded DIAGRAM OF NEW CONTINUOUS b= 3 
by the Richardson Company to highly- VISCOSE SPINNING MACHINE J CONE AND INSPECT 
necessary precision limits. 
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i ] “Eecentric axis 
Neopr ene 
sea 
Reels are essentially two open-ended Diagrammatic view showing thread- Neoprene seal protects individual reel 
cages. set eccentrically one within the leading method. Since cages do not ro- shafts against the chemical and water 
\. other with interlocking fingers and sup- tate about the same center. relative mo- treatment the  continuously-advancing 


ported on a single shaft. tion of alternate fingers advances thread. thread is subjected to at each step. 








ING 
) 
Spinning. processing and drying end: this stretches the thread as_ it Drying reel. shown at the right. is made 
reels. Spinning reel. which winds the passes over the reel. Shown at the cen- of impact-extruded aluminum: it dries 
thread as it comes from the coagulating ter. the reel used in the eight inter- and feeds the yarn to a_ reciprocating 
ee | hath. is slightly flared at the discharge mediate steps is of constant diameter. twisting bobbin, fabricated of Insurok. 
anes 
r | 


bs 


— yp) 











Each aluminum drying reel and control ; 


1ir currents. Located on the 
through which hot water circulates, runs lower floor level. these 


roe 2. 
hast 


reels are gear 
inside a box-like housing to retain heat driven from a central drive shaft. 
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Continuous Viscose Spinning Machine... 


PRECISION in molding was _ re- 
quired because any variation from 
exacting tolerances would affect the 
speed of thread travel and ultimate 
thread denier, as well as process con- 


trel and yarn quality. 
° 


Industrial Rayon’s $2,000,000 re- 
search and engineering development 
program created a machine that pro- 
duces viscose rayon continuously, 


under exact process control. 


New rayon plant has 96,000 reels 
operating in a 31l,-acre spinning 
room, a capacity of 12,000,000 lb. of 
viscose rayon per year, employs 
1,000 people and represents an in- 
vestment of $11,500,000. 





Additional design details will be pre- Plastic parts molded by the Richard- jet unions. thread guide holders, 


sented in a forthcoming number. son Company for this machine include brackets, seal rings, as well as reel cages. 


Bee | ie \ . 
| Vee wd. 5 | 
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ELECTRONIC DEVICES 


For Detecting Variations in Dimensions and Color 


G. Cc. DEVGL, JR. 


Vice-President, United Cinephone Corporation 


Scanning systems and electronic circuits are described which 


are designed to detect in products dimensional variations from 


standard and to inspect surfaces for variations in color 


HOTO-ELECTRIC and electronic 

controls designed for inspecting, 

grading and classifying various 
products are no longer a novelty in many 
diversified industries. In the detection of 
unlabeled boxes, cans, packages and 
cards, photo-electric controls have in- 
creased the speed of production, have 
proven to be more accurate and also 
more economical than methods which are 
dependent upon the human eye. 

It is relatively simple to register, for 
inspection by photo-cell scanning units, 
items such as cans, packages, bottles and 
pieces of mail which are usually handled 
on some type of conveyor. 

Detection of missing labels or labels 
out of alignment, that are of a color 
different than the body of the article, is 
accomplished with reflected light scan- 





Stationary 
condenser plate 


— 
[ 





Moving 
‘condenser plate 








es 





Moving 
arm... 





Work 


Cy 


“- Frame 























Meter 








Bridge 
oscillator 
See Fig. 2 for 
description 




















Relay = 


FIG. 1 








"0 v, 
60~... 




















Fig. Parts and circuit of a micrometer 
in wich a variable capacity or condenser 
effect 1s employed with a bridge oscillator, 
a rel., and a meter to indicate the varia- 
tion a dimension from a standard 
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ners placed on the side of the conveyor 
parallel to the article being inspected. 
Normally scanning is done while the 
articles are in motion. 

Sometimes where two sides are to be 
inspected at once, stop motion movements 
are employed to gain time necessary for 
inspection. The photo-control amplifier is 
adjusted by biasing the light source so as 
not to operate on the body of the article. 
As this beam is interrupted it places the 
secondary beam in operation. The latter 
scans the side of the box and operates if 
there is a label on the box. If the label is 
missing the control will not operate and 
the interlocking relay will therefore stay 
in a closed position. This relay in turn 
is used to operate a removing device such 
as a solenoid or a compressed air kick- 
off mechanism. 


License? 
as sare 
Om Cann 


Fig. 2—Bridge oscillator used with capacity 






micrometer shown in Fig. 1. 


A standard multiple-tube an.plifier 
type of photo control is used when in- 
specting colored articles such as beans, 
oranges, peas, tile and pottery. When 
there is a great difference in shade be- 
tween good beans, which are normally 
white, and poor beans, which may be an 
off shade of brown, the latter are re- 
jected. The control operates whenever a 
dark bean is presented to the eye. 

Where there is but a slight difference 
between two shades of blue it is a more 
dificult matter to separate the articles, 
and efficient apparatus involves the use of 
a very sensitive balanced circuit for the 
photo-electric controls and also necessi- 
tates precision scanning units equipped 
with split prisms and tri-colored filters. 
To obtain the greatest passage of light of 
the particular color being inspected it is 
sometimes necessary to use revolving 
scanning disks similar to those used in 
television. This allows a small dot of high 
intensity light to intermittently scan a 
small area. 

This system can be used to inspect 
large areas such as automobile panels 


FIG. 2 


} 
7) 


As condenser 


plates approach each other they decrease the capacity which unbalances the oscillatory 
circuit, this allows current to flow in the final amplifier which in turn closes relay 
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Light source Fixed shutter plate 
F 3 
ok, 
Movable Photo ce// 
shitter plate 
10 v, 
Moving arm.- Amplifier 60, 
See Fig.4 for 
description 
Work .. 
Anvil 
x | Rela Meter 
FIG. 3 Frame ‘4 
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Micrometer Insulation 
adjustment 
— 7 
Fixed Grid 
contact control a 
rectifier eS 
Moving ZS 
contact - = 
ee 
Moving 
arm 
Work 
Rel 
Anvil ; sil 
Frame FIG. 5 








Fig. 3 Light valve micrometer in which 
the amount of light that passes between a 
fixed and a movable shutter to a photo-cell 
is used with an amplifier, a relay and a 
meter to indicate variation from a dimen- 
sional standard 


Fig. 4——Light proportioning amplifier used 
with light valve micrometer shown in Fig. 
3. This amplifier operates on small varia- 
tions of the light relayed through the 
shutters, it can be set to detect extremely 
small changes in the volume of light re- 
ceived on the photo-cell scanner 


Fig. 5- Screw micrometer with barrel and 
a spindle mounted on a fixed support, the 
anvil is carried on a movable arm, when 
the anvil touches the spindle a circuit ts 
closed which operates the grid control 
rectifier which then energizes the relay 


and refrigerator cases. There is one draw- 
back, however, to this type of inspection. 
Although a thyratron type of photo con- 
trol can be operated at high speeds the 
length of time required to sean an area 
a foot square is approximately from lo 
to | minute, depending on the speed and 
number of holes in the scanning disk. 
This system can. therefore. be used eco- 
nomically only for products which re- 
quire a high degree of accuracy in in- 
spection, such as woven cloth. fabric. 
phenolics and synthetic plastics. 

Most color inspection systems work on 
the principle of neutralizing three photo- 
cells. one of which inspects the standard 
sample, and the other two inspect the 
surface in question. A small prism is 
used to split a single beam of light into 
two equal parts so that the light reflected 
from each article is exactly the same 
regardless of voltage fluctuations at the 
input of photo-cell control and light 
source. Each photo-cell is connected to a 
bridge amplifier which is adjusted so that 
it will cancel out when the light is equal 
on all photo-cells. 

In the chemical and distilling indus- 
tries. such as the manufacture of dyes. 
whiskeys. paints and gasoline. it is often 
necessary to maintain a definite standard 
of density or color. Sometimes the color- 





ing has a definite bearing on the chemi- 
cal solution. Since many chemical solu- 
tions are transparent. transmitted light 
may be used. and in many systems the 
output of the photo control is connected 
to various types of escapement move- 
ments. automatic proportioning controls 
and regulators. In this type of control it 
is seldom necessary to use complicated 
optical systems like those used in meas- 
uring reflected color. 


Proportioning System 


One control system which is used for 
coloring blended whiskeys is operated 
by passing two liquids through separate 
glass pipes which discharge into a con- 
stantly agitated blending chamber. Be- 
tween the glass pipes and the mixing 
chamber are two proportioning controls. 
\ pipette is attached to the side of the 
blending chamber to permit the continu 
ous drawing of samples of the liquid. 
Two photo-cells scan the samples. one 
is connected to the color proportioning 
control, the other is connected to the 
white distillate proportioning control. As 
more or less coloring matter or distillate 
is needed in proportion to the mixture. 
one control operates on a minimum value 
of light transmitted, and the other oper- 








ates on a maximum of transmitted light. 
Interlocked with these two controls is a 


master standardizing control which is set 
to the degree of color necessary when 
both proportioning controls are at a 
mean level. The proportioning controls 
are so arranged that a normally closed 
relay contact of one will be held open 
and the normally open contact of | the 
other will be closed at the same in-tant 
These contacts are wired in series with 
the master control. The system is then in 
a balanced condition. 

In classifying and grading for size. 
where a tolerance of one ten thousandth 
of an inch is sometimes required. various 
systems are used. Four inspection units 
which are designed to be included in 
complete inspection machines will he de 
scribed. 

In the capacity micrometer <}own 
schematically in Fig. 1. one plate is 
attached to the main body of the microm 
eter and the other plate to the moving 


arm. These plates are all connected to 4 
balanced oscillator which in turn «pe! 
ates a relay or rejecting device «id 4 
meter. for indicating variation ‘ron 
standard. which is calibrated in ten is 0! 
a thousandth of an inch. 

\ light valve micrometer is own 
schematically in Fig. 3. that operat = 0” 
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a variable degree of light which the valve 
passes to the photo-cell. This system is 
quite accurate since it adds no mass to 
the gaging rod of the micrometer. 

The contact micrometer shown in Fig. 
9 has two contacts. One is attached to 
the movable arm. the other 
mounted. 


is solidly 
Automobile manufacturers are 
among those who use this type for rapid 
sorting. to separate parts having varia- 
tions of one ten thousandth of an inch on 
some critical dimension for parts such 
as valve lifts. camshafts. wrist-pins and 
bearings. These micrometers are used in 
a series of steps grading up from the 
maximum to the minimum tolerance. 


Color Inspection System 


7 induction shown in 


Fig uses two torridoral coils which 


micrometer 


move in parallel planes with respect to 
each other thereby allowing more or less 
alternating current to flow from one to 
the er. These coils are in turn con- 
necte to a grid rectifier tube which then 
opera's the relaying. 

Th: system shown in Fig. 7 is used for 
auton \tic inspection of color. For pur- 
poses description it will be assumed 
to cov + an inspection operation to deter- 
mine 


V variations in color of a surface. 
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The scanning disk cuts or interrupts a 
beam of light from light source which in 
turn is relayed to condenser lenses and 
then by the differential lens on to the 
surface of the article being inspected. 
The entire surface of the article to be 
inspected is rapidly and completely COV- 
ered by a series of successive dots of 
light emanating from the differential lens 
through the scanning disk. If any portion 
of the surface being inspected has any 
defects, in other words is off standard, 
the photo-cells will receive through re- 
flected light a different intensity of light 
than the bridge amplifier which has been 
balanced by means of the standard cell. 
Photocells are connected in parallel to 
one arm of the bridge amplifier. The 
standardizing photo-cell 
nected to the opposing arm of the bridge 


which is con- 


amplifier receives a given amount of light 
from the filter unit through which it is 
transmitted. 

Obviously under this system it is neces- 
sary to first 
against 


determine the standard 
which the 
made which is done by pre-setting the 
filter unit to the required standard for 
the product. In the passage of dots of 
light to the surface under inspection. 
through the scanning disk. notwithstand- 
ing the speed at which the disk operates. 


inspection is to be 










103 


Induction micrometer which uses two coils which move in 
planes parallel to each other. 
induced in the fixed coil varies more or less in proportion to the 
distance between the coils. 


The amount of alternating current 


{ tube control, a relay and a meter 


y are in circuit with the fixed coil 
ocr = Fig. 7—System for automatic inspection of variations in the coler 
FR ie Me chai of a surface consisting of a scanning disk, light source, filter unit, 
¥ condenser and differential lenses, with a bridge amplifier 
Frequency 
generator 


Fig. 8 Differential bridge control, which includes timing amplifier 


. receives currents generated by scanning 


cells through bridge circuit which in turn are amplified and passed 
on to relay circuit, it also receives impulses through timing cell 


operation of the scanning cells on the dark 
periods of no light generated by scanner. 


It also receives through 


bridge circuit the output of standardizing cell which normally 


’ . 


> 


Rae 


= 
iL. 
ba 


tinea: HOv. 60 in system shown in Fig. 7 
ALG. 
Relay Meter 
FIG.6 which blocks the 
balances bridge circuit 
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there is a period of no light 
equal to the period of dots of light. 
ally. the sensitive bridge amplifier would 
register every interruption of beam. just 


as it would in detecting any off color: 


which is 


Natur 


however. the timing photo-cell blocks 
off the photo-cells so that when no light 
is passing through scanning disk to the 
surface being inspected, the 
function. The 
the timing 


amplifier 
will not functioning of 
photo-cell serves to 
light periods 


which narrows the basic function of the 


elimi- 
nate any neutral or no 
photo-cells to the determination of any 
shade of color as opposed to the standard 
set by the fiiter unit. Immediately upon 
an off color being detected on the object 
being inspec ted by 
amplifier 

causing the 


the photo-cells the 


bridge becomes 


unbalanced 
which is connected 
with a ram or solenoid to push the defec- 


tive object off the conveyor as rejected. 


relay 


To inspect a given area of surface the 
number of photo-cells necessary is in pro- 
portion to the extent of the area. It has 
been assumed in this description that two 
photo-cells are sufficient. 

The real purpose of the use of photo- 
cell units, otherwise termed scanners, is 
to register any variation in the reflected 
light thrown back from the surface that 
is being inspected. 
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HIGH-TEMPERATURE DESIGN 


Data Required and How It Is Obtained 


E. A. DAVIS 


Research Engineer, Westinghouse Electric & Vifg. Company 


N THE DESIGN of members for high 
temperature service. the governing 
factor is the allowable total deforma- 

tion in a given time. This limiting amount 
of strain will vary with the application. 
For example. in certain furnace or boilet 
parts it may be perfectly safe to set the 
limit at two or three per cent strain in 
ten vears while for moving parts in high 
temperature machines it may be neces- 
sary to keep the strain less than one-tenth 
per cent in ten years. The total deforma- 
tion is made up of elastic deformation 
which is proportional to the stress and 
plastic deformation which increases in 
some manner with time. It is this gradual 
increase in the plastic or permanent 
strain under prolonged stressing which 
has acquired the name of “creep.” 

The amount that any member will de- 
form or creep in a definite period of time 
will depend upon the stress and the tem- 
perature to which it is subjected. It will 
also depend to a large degree upon the 
material used. Furthermore, two mate- 
rials which have quite similar physical 
properties at room temperature = may 
differ greatly in creep properties at ele- 
vated temperatures. For these reasons it 
is not possible to prescribe a set of per- 
missible stresses which could be used for 
random materials. In order to make a rea- 
sonable design of a member for high 





Fig. 1 


The first 


portion of each curve is rounded, because 


Typical creep curves. 


of the strain-hardening, after which the 
curve becomes a straight line 


temperature service it) is) necessary to 
have test data on the actual material to 
be used. Because of this. designers of 
high temperature equipment are forced 
to spend a large amount of time and 
money on some kind of a testing 
program. 

In general, tests by means of which 
design data are secured are conducted in 
such a way as to duplicate as nearly as 
conditions under 


possible the actual 


which the material is to be used. Results 
from these tests are then interpreted and 
extrapolated to furnish direct design  in- 
formation. Other tests based on = more 
idealistic conditions are also made_ in 
order to study the fundamental laws 
which govern the deformation of metals. 
Comparatively little is known about these 
fundamental laws at present but when 
they are better understood it may be pos- 
sible to predict creep behavior with less 
test information than is now necessary. 

Of the tests which attempt to duplicate 
service conditions, the long time creep 
test is the most significant. From this test 
design information is obtained which can 
be used for determining permissible 
stresses in members that are subjected to 
fairly constant loads. for in the creep test 
a bar is kept under a constant load and 
at a prescribed temperature for a period 
of at least three months. Some creep in- 
vestigators. however. have in a few cases 
allowed the bars to remain under load 
for periods up to five years. At regular 
intervals during the test the deformation 
or creep is) measured and is usually 
plotted as a function of time. as shown 
in Fig. 1. The Westinghouse equipment 
for making this type of test was described 
in a recent issue of this magazine. (Prod- 
uct Engineering, July 1938. p. 269) 


Interpreting Creep Curves 


\ study of the set of curves shown in 
Fig. 1 will reveal several characteristics 
which are common to most high tempera- 
ture materials. The first portion of any 
of the curves is quite rounded which 
shows that the material becomes stronger 
as it deforms. This phenomenon is re 
ferred to generally as strain-hardening. 
The curves later tend to become straight 
material loses its 


and the ability to 


strengthen as a_eresult) of additional 
strain. It was found in the extremely long 
tests already mentioned that the curves 
for low. stresses become straight and 
stayed straight for the duration of the 
test. This straightening of the curves is 
probably due to some influence of the 
temperature and the time. since it is 
well known that the properties of many 
materials change with time. If this change 
takes place in such a way as to make 
the material stronger it is termed age- 
hardening. If the change is such that the 
material weakens it is known as soften- 


ing or annealing. Whenever a material 

















Fig. 2. A relaxation testing machine which 
automatically decreases the load on_ the 
test bar so as to keep the length of the 
stressed portion constant 


is held at temperatures considerably 
below the normal softening range it Is 
possible that annealing takes place at a 
very slow rate. If this slow annealing 
would progress just fast enough to offset 
the strengthening effect of the strain 
hardening. the material should strain at 
a constant rate and the creep curves 
should become straight lines as has been 
observed. 

The fact that creep curves become 
straight and remain straight for a -hor! 
period of time is no guarantee that they 
will remain straight for periods corre 
sponding to the service life of a pect 
of high temperature equipment. Neve! 
theless. creep curves must be ext/ape 
lated to periods of several yeal and 
probably the best and simplest as- imp 
tion to make is that at low stresse- th 
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a function of time is recorded on a chart. 
From the results of this type of test it 
is possible to determine what initial 
stress must be put on a bolt in ordet 
that the stress will not drop helow a 
certain minimum value in a given time. 

Some high temperature parts such as 
rotating shafts are subject to rapidly 
fluctuating loads and this makes it im 
portant to investigate the behavior ot 
materials under fatigue conditions at 
high temperature. There has not been 
a great amount of work done in_ this 
field. but the need for such information 
exists and tests of this nature will be 





come more common in the future. When 





some materials are heated they become 
more ductile while others become em 


brittlhed at high temperatures. For this 





reason the fatigue properties at normal 
temperatures may not be a safe guide 


in predicting high temperature results 
Determining Aging Characteristics 


The constant strain rate test is a test 
which deals chiefly with the fundamental 
relations existing between the stress. the 
plastic strain and the plastic strain rate. 
See the paper. “Constant Strain) Rat 
Tests on .35 Carbon Steel K-20 at 850 
Foo” by A. Nadai and FE. A. Davis. Trans 
actions, A.S.M.E.. Vol. 59. |). 147. July. 
1937. In this test. which is carried out 
on such a machine as shown in Fig. 3. 
a bar is pulled at a uniform: rate of 


stretching. Then another bar is. tested 





at a different uniform rate Thus a fam- 
Fig. 3. A constant strain-rate machine which automatically loads the specimen so as to ily of stress-strain diagrams for various 


Strain uw at a constant rate constant strain rates is obtained. From 


these results it is possible. to study. the 











creep curves remain straight for the re- increase in the plastic strain due to the effect of the rate of strain’ upon. the 
quired period of time. It must be borne stress must be accompanied by a de vield stress. A family of these curves tor 
in mind. however. that this is only an crease in the elastic strain. The stress. of an ordinary carbon steel at 850 deg. F. 
assumption. The only wav to determine course, decreases in the same proportion is shown in Fig. 4. An idea of how metals 
ed Whether or not a creep curve would be as the elastic strain. Fig. 2 shows a pho reaet to the speed of deformation ean he 
which straight for twenty years is to carry out tograph of a machine in which relaxation eained from this set of curves. For most 
n the the test for that length of time. tests are made. The machine automatic steels at temperatures near 500 deg. ¢ 
»f the In order to furnish information for ally decreases the load on a test bar in it is found that in a certain range the 
parts stressed in bending. a test has been sich a manner that the stressed length stresses Corresponding to a given amount 
devised in which a bar in pure bending remains constant. The drop in stress as of strain vary as the logarithm of the 
erably ~ kept under a constant moment. The 
It Is leflection is measured and plotted as a 56 
e ata | moof time just as in the long time £ es 
ea ling ere test. These curves have much the & ee BEBE GSS. BR 
tset . -hape as the long time creep curves 5 40 os ee Ss i I ce U=2/3 
strain: al re used in the same manner. p wR ll iw 
rain at her test which aims to duplicate om i rue 2; es We es oe SE 
curves conditions is the relaxation. test 3 ao , | ee 4.28x/0~@ 
is been ne materials. See the paper “Re 3 
, of Steels at Elevated Tempera- 2 Pr ey ate ee Ge ne U=/66x/0~ 
pecome att v A. Nadai and J. Boyd. Fifth c A 
| ort t] mnmal Congress of \pplied Ve- o 
at they Cambridge. Mass. 1938. In pra: : F--"Probable locus 
‘iia Lee na bolt is drawn up tight on < 1 acai ctrenaiae 
4 L i f 
a pecs g ves it is found that the load on. o 
Nevel verted by. the bolt drops with G 
xt pei? eventually the bolt) becomes — 20 25 
iT and a the flanges can be considered € - Elongation 
is wd tly rigid the deformed length 
sse~ the nt It remains constant and any Fie. 1) Stress-strain Ciagrams plotted from the results of constant: strain-rate tests 
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Fig. 5 Curve of stress versus initial creep 
creep rate. This is especially true at 
values of plastic strain greater than one 
percent, 

Occasionally material is tested to study 
the change in the strength of the ma- 
terial with time. These tests are usually 
called aging tests. The aging character 
istics are determined by measuring at 
frequent intervals the hardness of a bar 
that is kept in a furnace at the prescribed 
temperature. Another method is to place 
several test specimens in a_ furnace 
which is held at a constant temperature. 
Specimens are removed after definite in- 
tervals and tested in short time tension 
tests. In this way a history of the physi- 
cal properties of the material over a 
given period of time is obtained. In one 
case the writer tested the hardness of 
a twelve percent chromium steel at 850 
deg. F. 


tinuously hardened over a period of one 


and found that the material con- 


vear. The Brinell hardness increased 
from 210 at the beginning to a value of 
230 at the end of the period. Just how 
long the material would have continued 
to harden is not known but it is gen- 
erally found that materials which harden 
at first will afterwards start to soften. 
The time required for each process de- 
pends greatly upon the temperature and 
the composition of the metal. 


Selecting Design Stresses 


In the foregoing paragraphs various 
types of tests have been described in 
order to convey to the reader an idea 
of the methods by which high tempera- 
ture design information is obtained. The 
designer is particularly interested in 
how this information may be used. Ob- 
viously creep tests cannot be run at 
stresses so low that the total amount 
of creep would be comparable with that 
allowed in service. Neither ean the tests 
be carried out for the full service time. 
For this reason it is necessary to extrapo 
late creep test results obtained at fairly 
high stresses to regions of much lowet 
stress and to greater times. 

Whenever test data is extrapolated it 
is necessary to make certain assumptions. 


\s has already been mentioned the creep 
curves for low stresses can be assumed 
to be straight lines for large values of 
the time t. The creep curve can then be 
expressed das 
€ Ey + pot 

where ¢ is the plastic strain and py, is the 
minimum creep rate. This expression was 
introduced by P. G. MeVetty in a dis- 
cussion on the interpretation of creep 
tests. See his paper. “Working Stresses 
for High Service.” Me- 
chanical Engineering, March. 1934. The 


Temperature 


strain represented by ¢, is sometimes 
referred to as the “initial creep.” The 
term minimum creep rate for > is used 
in a proper sense. for at higher stresses 
the creep rate decreases to this value 
and later it starts to increase due to 
necking of the bar. 

The constants ¢, and po both depend 
upon the stress and the extrapolation 
of creep data consists of finding the re- 
lations between these two quantities and 
the stress. If the creep represented by 
¢, is very small compared to that repre- 
sented by the term pf it may be 
neglected entirely. If not. the values of 
¢ are usually plotted against the stress 
and a smooth curve drawn through the 
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lig. 6—Stress versus minimum creep rate 
plotted to a logarithmic scale 


points. This curve must pass through the 
origin. for it is evident that both ¢, and 
i, must be zero when the stress is zero. 
The value of «, for any stress can then 
be read from the curve. as in Fig. 5. 
More attention is generally placed upon 
the method of extrapolating the value 
of «, toward the rezion of lower stresses. 
From experiments it has been found that 
in the region of stresses where creep 
tests are run the stress is proportional 
to the logarithm of the minimum creep 
rate jy. Unfortunately the logarithmic 
curve does not pass through the origin 
and the 
versus minimum creep rate has to be 
modified 


creep rate be zero when the stress is 


extrapolated curve tor. stress 
somewhat in order that the 
ZeTO. 

Extrapolating Data 


One means of extrapolation which may 


be used is given by the expression: 





where o is the stress and a, and ty are 
constants. This is applicable for creep 
rates greater than p,. For rates be'ow 


u, the expression 
G oY, 
is used. This method of extrapolatior 


was suggested by A. Nadai of the West. 
inghouse Research Laboratories. Fig. 6 


shows a plot of stress versus minimum 
creep rate. In this plot the above equa 
tions were used in determining _ the 
shape of the curve. The total deforma. 


tion can now be computed for any stress, 
Calculating Deformation 


Elastic deformation can be 
lated from the 


calcu- 
elastic formula. — the 
amount represented by ¢, can be taken 
(Fig. 5) and 


the amount represented by jot can be 


trom the curve @ versus é, 


calculated from the values given in Fig. 
6. If the sum of these three terms is a 
larger amount than the allowable total 
deformation. a smaller stress will have 
to be chosen. The stress chosen by this 
method will not contain any factor of 
safety. It will probably be desirable to 
apply a safety factor to this stress to 
take care of such things as slightly de 
fective materials. stress concentrations. 
and possible overheatings. 

It must be pointed out again that 
is practically necessary to have test data 
on the same material as is used in the 
design. Very little creep test data ar 
to be found in the literature. The most 
probably the 
pamphlet published in February. 1936 
by the A.S.T.M. Committee Al on steel 
This booklet is entitled “Data on Nom 
inal Creep Strength of Steels at El 


vated Temperatures” and contains creej 


comprehensive list — is 


test data on several steels. The chemical 
composition of the steels and in’ some 
cases the heat treatment are also given. 
In addition there is a discussion on the 
general subject of creep tests. Other 
test results are given in various publi 
cations but they are too scattered to be 
listed here. 
Sources for Creep Data 
The importance of using a greal 


amount of precaution in selecting 4 


working stress for high temperature 
members cannot be over emphasized. The 
strength of the material depends upon 
several variables and an understanding 
of these facters which influence t] he 


havior of metals is something t be 


greatly desired. Knowledge of lest 
foundamental laws is gradually |eing 
developed, but in the meantime d: =!g" 
ers must establish safe working stresses 
It has been the object of this pe! 
to point out some of the means by uch 


such stresses are determined al ft 


present time. 
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PLASTICS OVER METAL 


Why and How to Design Metal-Backed Plastics Parts 


C. H. WHITLOCK 


Firestone Tire & Rubber Company 


A new process that is finding rapidly increasing use for parts 


that require the strength and rigidity of steel plus the highly 


desired characteristics of plasties 


URING the past two years the use 
of cellulose acetate molded parts 
increased at a greater rate than 
any of the 
materials. 


perhaps other synthetic 
been at- 
Such parts 
material be- 
ing thermo-plastic and tough. Another 
advantage is that the material is ob- 


tainable in 


molding This has 


tributed to several factors. 


are easy to fabricate. the 


almost any color, and be- 
cause appearance is becoming a steadily 
more important consideration in the de- 
sign of products. this color advantage 


has been a strong factor contributing 
to the increasing use of cellulose acetate 
molded parts. 


However. like 


lose acetate has its 


material. cellu 
limitations. — Al- 
though it was found highly satisfactory 
flor small parts. 
tended to 


that its 


every 


when its use was ex- 


larger pieces it) was found 
shrinkage 


because of its 


flexural strength. 


with age. and warpage 
extreme sensitivity to atmospheric con- 
ditions. presented some difheult design 
problemas. In 


ibility and 


flex- 
warpage difficulties encoun- 


some instances. the 
tered in large pieces were overcome by 
rigidly fastening the part to metal. as 
was done successfully in large 
pieces used in the automotive field. But 
such designs did not satisfactorily solve 
the problem of eliminating the inherent 
difficulties in large cellulose 
molded parts. It was evident that a 
radically new type of design of the parts 
would have to be developed. The mold- 
ing of 


some 


acetate 


icetate over metal appeared to 


Promise logical solution. 

In the design of the instrument panel 
and glove compartment door of the 1939 
Chrysler. each piece about 16 in. by 7 
m.. th parts were first designed for 
acetate nolding without any metal back- 
ing. Ay experimental mold was built 
lor the glove compartment door and 
sample ors were made. They lacked 
rigidity. even though the section was 


eS an, thock, 
Sign the 


It was then decided to de- 
wor to be stamped out of light 
edge m tal and 
coating 


Sign wo: | 


cover it with a thin 
Such a de- 


cost. but 


acetate material. 


not only reduce 


March. 1939 


would also solve the problem ot Warp- 
age and shrinkage. This was done. (See 
P.E.. p. 63. Feb. °39) 

At first thought it might seem that it 
would be much cheaper to simply en- 
amel a metal stamping and not go to 
the bother and cost of molding an ace- 
tate coating over the metal. However. 


there are a number of specific cost 
factors involved in the enameling proc- 
ess. the greatest one being the cost of 
surface of the 
preparatory 
finish. All 
surface, such as marks from spot weld- 


ing. must be 


conditioning the metal 


stamping to applying the 


enamel irregularities in’ the 


dressed down. otherwise 


they will show on the finished surface. 


And furthermore. an enamel — finish 





Stamped panels being coated two-at-a-time 


would not possess the inherent dura 


bility of a molded-on cellulose coating 
nor would it have other advantages such 
as noise deadening. translucence, depth 


of color, softness and warmth to. the 


touch and similar qualities that are not 
obtained in an enamel-finished metallic 
surface. 

In the development of the process ol 


molding acetate over metal. a number 


of manufacturing and design problems 


had to be solved. The metal stampings 


must be lacquered or painted with a 


single coat to give a uniform color ove 


the entire surface of the stamping. 


Otherwise unpainted burn marks left by 
would) show through — the 


spot welds 


translucent acetate. Also. it is necessary 


to have the acetate coating of uniform 


thickness. 
thickness 
light 


because a section of varying 


would show shadows when 


shades or extremely translucent 
acetate coatings are applied. 


One major problem in developing the 





Wilding 


Photo 


with cellulose acetate on a 500-ton, 4-nozzle 


injection molding machine at the Firestone plant, at the rate of two per minute 
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Acetate covered one-piece gear shift lever 
and knob. The metal core is a simple 
forging which requires no cleaning or pol- 
ishing prior to the application of the ace- 
tate covering 


process of molding acetate over metal 
was caused by the fact that there is 
normally little or no adhesion between 
cellulose acetate and 
means for 


metal. Conse- 
mechanically an- 
choring the acetate must be provided. 


Sometimes this can be done by extend- 


quently, 


ing the acetate coating down over and 
under the edges, as was done in the 
panels for the Chrysler car. But ordi- 
narily this will cause breaking away of 
the acetate material when the pieces are 
being removed from the mold unless the 
heating of the material before injection 
into the mold cavity has been controlled 
properly. 

Because the contraction of the ace- 
tate is much greater than that of the 
steel, — the material — shrinks 
tightly on convex surfaces or 


acetate 
surfaces 
of anchorage. But this same character- 
istic causes the material to shrink away 
when applied to concave surfaces or the 
interior surfaces of boxes or cylinders. 
If the pieces are large the shrinkage 
would be sufficient to make the applica- 
tion of an acetate coating impractical. 
Experiments are now. in 
better adhesion 
acetate and the metal backing. 
ciable 


progress to 
obtain between — the 
A ppre- 
improvement has been achieved 


but at present the bonding between the 


two materials cannot be depended on 
except in small simple pieces for nor- 
mal use. Mechanical anchorage should 
be provided. 

This process is not limited to cellulose 
acetate. Any 
can be 


thermo-plastic material 
used. Nor is it confined to the 
injection method of molding. However. 
compression molding is slower on ac- 
count of the time required to heat and 
cool the mold; injection molding will 
produce five times as many pieces. using 
both 


speed of 


single cavity molds in methods. 
Thus. the 


molding will 


higher injection 


decrease the tool invest- 
ment. in addition to which the produc- 
tion operations are faster. 

Minimum thickness of the — plastic 
coating is governed by the area to be 
covered and the maximum distance the 
material must flow. A thinner coating 
can be applied by compression molding 
than by injection molding but the sav- 
ing in material cost is usually less 
than the higher operating cost of the 
method. 
jection molded panels have a_ coating 
0.070 in. thick. The molds 
were designed for a covering 0.050 in. 
thick but this was insufficient to hide 
the weld lines. 


compression The Chrysler in- 


original 


Metal stampings that are to be cov- 
coated with molded material 
should not have ribs or depressions for 


ered or 


stiffening. which should be accomplished 


by curved surfaces or welded-on_ stif- 


feners. Ribs or depressions would re- 
sult in thicker sections of acetate, thus 
causing shadows. But brackets 


and other parts can be welded on and 


studs, 


OF AH#ASG TOG hal 


Transparent Tenite injection molded over a spun aluminum head tightly seals 
gage, gives a highly attractive finish and permits an undistorted view of the sc: le 'l' 





the opposite face covered with ace ate 
To cover both faces of a metal sti mp 


ing with acetate would require two 
molds, one for covering each side. [his 


has probably never been tried and it 
would entail a considerable amount of 
experimental work before satisfactory 
production could be made. 

Although the coating over the metal 
does stiffen the finished part, the amount 
is practically negligible as the coating 
is thin and the material is very flexible 

At the present time, press equipment 
is available for covering areas up to 
20 in. by 20 in., 
of molding material not exceeding 2 |b 
No doubt, larger 
built in the near future for producing 


or a maximum weight 
equipment will |y 
pieces of much greater size. 


Acetate 
panels and _ sheets. 


limited to 
Acetate over metal 


covering is not 


is employed in the new type automobil 
gear shift lever that is mounted on th 
The knob and rod is 


an unfinished forging covered with cel 


steering column. 
lulose acetate. Formerly the forged rod 
was upset and threaded at one end and 
the plastic knob with threaded inser! 
screwed on. The savings in the new 
acetate covered design are obvious. 
This process of covering metal su 
faces with plastics is new and up unti 
now has been confined largely to auto 
There are, however, 


motive parts. 


vast number of fields in which it could 


be used to advantage. such as housing 
for office equipment, and camera _ parts 


and other parts requiring rigidity. un 
breakable 


finish that the acetate material provides 


qualities and the — superio 





his ol 
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GEAR CALCULATIONS 


Based on Dynamic Loading and Wear Resistance 


A. C. RASMUSSEN 


Chief Engineer, Insley Manufacturing Corporation 


PART II. Bevel gear tooth formulas based on the spur gear 
tooth formulas developed in Part I are here presented, an exam- 


ple is included to illustrate the method of applying the formulas 


HE METHOD and procedure of And the dynamic tooth load for bevel 
designing gear teeth, by determin- gears can then be expressed as 
ing the dynamic tooth load and of ea eS (51) 


keeping this load both within the beam 
strength and within the limit load for 
wear for the tooth section with margins 


The Lewis formula for bevel gear teeth 
written in terms of diametral pitch is 


given in Table VII for various ratios of 
face width to cone distance. 

Stress is uniform along the tooth face 
at the plane of least strength and the 
tooth deflection is proportional to the dis- 
tance from the apex. (See Leutwiler 
“Machine Design,” Par. 239, Equation 
358. ) 

The ratio factor Q for spur gears is 
dependent upon the numbers of teeth in 
the pinion and in the gear. With bevel 
gears it is a ratio that is dependent upon 








of safety, were developed in Part I of y=a™ Sifyg (RD) peering ye” sg of teeth . tg 
this article which appeared in the pre- - p v6 pinion and fF; in thc gear since this Tac- 
cntine teens. ta Pest I fexensles were tor is dependent basically upon the 
established which apply to spur gear Values of = Sy, are given in Table II. radius of curvature of the gear tooth at 
s Ss J S 5 , ‘ ; ‘ a : . 
siti. Vis dhs snutiun: off the antics dustin: Values of g, the reduction factor in the pitch line with respect to the radius 
formulas will be established for bevel the Lewis formula for bevel gears are of curvature of the pinion tooth. 
gear teeth. 
The method used here in applying 
Prof. Buckingham’s hypothesis to bevel 
gear teeth follows the logic developed by Table ViI—Values of g, e, and z 
Prof. Leutwiler in his book “Machine fh " ss z fh . “ Z 
Design. 
Let Z = a ratio of the distance to the 0.005 0.9950 0.9975 0.9975 0.205 0.8090 0.8975 0.9014 
; 9900 0.9950 0.9950 0.210 0. 8047 0.8950 0 8991 
‘enter of pressure on the tooth 0.010 0.990 ) ) 
ee “hag ea 0.015 0.9851 0.9925 0.9935 0.215 0.8001 0.8925 0.8968 
with respect to the distance to 0.020 0.9801 0.9900 0.9900 0.220 0.7961 0.8900 0.8945 
the outer edge from the apex. 0.025 0.9752 0.9875 0.9876 0.225 0.7919 0.8875 0.8922 
See Table VII for values. 0.030 0.9703 0.9850 0.9851 0.230 0.7876 0.8850 0.8900 
and W, = tooth load at center of pres- 0.035 0.9654 0.9825 0.9826 0.235 0.7834 0.8825 0.8877 
"saageag anlar 0.010 0.9605 0.9800 0.9801 0.210 0.7792 0.8800 0.8855 
ee SS ee ie 0.045 0.9557 0.9775 0.9777 0.245 0.7750 0.8775 0.8832 
Ww 0.050 0.9508 0.9750 0.9752 0.250 0.7708 0.8750 0.8810 
(44) 
Z 0.055 0.9460 0.9725 0.9728 0.255 0. 7667 0.8725 0.8787 
0.060 0.9412 0.9700 0.9703 0.260 0.7625 0.8700 0.8765 
Ww, Ww , 0.065 0.9364 0.9675 0.9679 0.265 0.7584 0). 8675 0.8742 
then w = ie x (45) 0.070 0.9316 0.9650 0.9654 0.270 0.7543 0.8650 0.8720 
’ on 0.075 (0). 9269 0.9625 0.9630 0.275 0.7502 0.8625 0.8698 
Referring to Equation (7) the dynamic 0.080 (0). 9221 0.9600 0.9606 0.280 0.7461 0. 8600 0.8676 
tooth load can be written as 0.085 0.9174 0.9575 0.9581 0.285 0.7421 0.8575 0.8654 
: 5 : 0.090 0.9127 0.9550 0.9557 0.290 0.7380 0.8550 0.8632 
D = fit We (46) 095 0.9080 0.9525 0.9533 0.295 0.7340 0.8525 0.8610 
0.05v (fC + W,) 0.100 0.9033 0.9500 0.9509 0.300 0.7300 0.8500 0.8588 
then ms Cit + (47) 0.105 0.8987 0.9475 0.9485 0.305 0.7260 0.8175 0.8566 
Osu + VSO + We 0.110 0.8910 0.9150 0.9461 0.310 0.7220 0.8150 0.8545 
in whic! 0.115 0.8894 0.9425 0.9137 0.315 0.718 0.8425 0.8523 
, rZdan 0.120 0.8818 0.9400 0.9413 0.320 0.7141 0.8100 0.8502 
C= Zmb (48), andy = —j5— (49) 0.125 0.8802 0.9375 0.9389 0.325 0.7102 0.8375 0.8180 
F 0.130 0.8756 0.9350 0.9365 0.330 0.7063 0.8350 0.8459 
ollowing the same procedure that was 9. 135 0.8711 0.9325 0.9341 0.335 0.7024 0.8325 0.8437 
used to develop the spur gear formulas. 0.140 0. 8665 0.9300 0.9318 0.310 0). 6985 0.8300 0.8416 
tinsel Geter tor towel anave 0.145 0.8620 0.9275 0.9294 0.345 0.6917 0.8275 0.8395 
- 0.150 0.8575 0.9250 0.9270 0.350 0.6908 0.8250 0.8374 
d 0.155 0.8530 0.9225 (0). 9247 0.355 0.6870 0.8225 0.8353 
w 0.160 0.8185 0.9200 (0). 9223 (). 360 0.6832 0.8200 0.8332 
° : 0.165 0.8441 0.9175 0.9200 0.365 0.6794 0.8175 0.8311 
Zmbf 0.170 0.8396 0.9150 0). 9176 0.370 0.6756 0.8150 0.8290 
ot 126,050 HP/d, n (50) 0.175 0.8352 0.9125 0.9153 0.375 0.6719 0.8125 0.8269 
97.1290 | HP 0.180 0.8308 0.9100 0.9130 0). 380 0). 6681 0. 8100 0). 8249 
a ae | 0.185 0.8264 0.9075 0.9106 0.385 0.6644 0.8075 0.8228 
Zdyn di n 
_—_ 0.190 0.8220 0.9050 0.9083 0.390 (0). 6607 0.8050 0). 8207 
a eee “ah 0.195 0.8177 0.9025 0.9060 0.395 0.6570 0.8025 0.8187 
Where J 1+ tat 0.200 0.8133 0.9000 — 0.9037 0. 400 0.6533 0.8000 0.8167 
\ 126,050 HP/d, n 
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Table Vill—Gear Train Example, Size Calculations 























GEAR Pairs First SECOND THIRD GEAR Patrs First SECOND Tump 
SPUR GEARS PINIONS 
N2 37 50 81 No. of teeth... 16 (long add.) 17 (long add.) 22 (std. add. 
N, es 16 17 22 Diametral pitch 5 5 : 
R. 2.3) 2.94 3.68 Outside diam... . 3.800 1.000 8 000 
Pinion r.p.m., n 1,500 6419 22] Mesh diam 3.400 3.600 7.333 
Gear r.p.m 619 221 60 Face in in 114 114 234 
H.P. on driving shaft 50 18.5 17 
Efficiency 0.97 0.97 0.94 GEARS, All standard addendum 
» ‘ . . > 6 es J 2 
H.P. transmitted 18.5 i 14.2 Na sf toch 37 =() 81 
Assumed p 5 5 3 Diametral pitch 5 5 3 
Assumed d, 3.4 (La. 3.6 (La. 7.33 Outside diam 7.800 10.400 27 . 667 
. . . eaeais Mes it 4 na 
From Equation (19), ks 0 5952 1 673 » 860 lesh diam 100 10.000 27 000 
Face.... l 14 214 
D;. 6 6 10 
For m = 415, mb... 2.500 2,500 1,150 ei rere aie. 
f 1 1.25 2 50 CENTER DISTANCES IN INCHES 
mbf.... 2,500 3,125 10,375 5. 100 6.800 17.167 
From Equation (17), k; 2.023 1.1914 2.830 
From Equation (20), k» 0.916 2.479 5.598 CHECKING BEAM STRENGTH 
From Equation (22), d 2.578 1 631 1.580 ar... 50 18.5 17.0 
From eq. (5) and (15), VW 1 236 2,618 3,667 
PINION DIAMETERS FROM EQUATION (42) Dynamic tooth load D 
VW =18 “18 31] = \ xd 3,186 1,270 9,793 
le 0 90 0 90 0 90 Material 2315 2315 1045 
VWs 616 616 220) Carburized Carburized Oil quenched 
N, + N,. 5S 67 103 oA): GS are 260 260 500 
From Equation (12), f d.?. 12.013 15.940 96 472 Interpolating from 
1.0 1.25 95 Table Il,7 Si = 204,000 201,000 392 500 
eee 12.013 12.752 38.589 = J 1M 119 234 
d, 3.166 3.571 6.212 y 0.091 0.096 0.105 
Assumed d 3 40 3 60 7 339 From Equation (24), L.. 1,793 9,875 se OF A 
. , . ithe eit , , With s = 0.90, sL = 4.315 5.288 34.000 
Required diam. of first pinion is so little in excess of the assumed = 
value that the assumed diam. will be considered satisfactory. Gear Note that as pinions are made with 14 in. longer face than th 
specifications will be selected as follows: (see next column gears, the beam strength is based on the longer face. wer 
; N, ™ j= 6/3 (61) Example. A gear train using 20 deg. Tv 
Since F 2! d and " and since pressure angle, full depth, machined a 
. ; eld? +a2= 4 IN2+ JN tooth gears is required to reduce the sili 
r, - 91 ( 54 | 9 \ N, speed of a 50 hp. gasoline motor from die 
d, 1500 r.p.m. (motor speed) to 60 r.p.m 
The formative ratio is f a Vn? + N? 69 Hunting tooth combinations are desired 
2 
6 N, in the several pairs of gears. 
F, A 55 When f is taken at /,/3. Z has 0.8444 (a) The motor pinion sheuld be as 
I N ot . . ' 
for a numerical value. small as practical to obtain the lowest 
d The horsepower formula can be ex- possible pitch line velocity and also t 
d pressed as keep the total number of teeth in the 
~_ « R <6 a gear train to a minimum number. A 
r i . ts 3) ° * ° ° — 
HP 63.095 d 63 motor pinion having 16 teeth wil be tried 
>. UZ. f . eS ‘ 
as = I 57 (b) For the pinion on the second shatt rt 
Fi+F Z di ae . 17 teeth will be tried. phy 
where r =) the radius of center of tooth ss : erti 
' 2N g ~ _ pressure about center of ro- (c) Certain clearance requirements ti 
then Q Nz + N = tation of pinion 64 make it necessary to use a gear of al i. 
Substituting in Equation (64) the foregoing least 27 in. pitch diam. on the driver gy 
p 2 = values s} f , | fr ore - P L i tion 
or QO 59 laIlt and from experience it is Knowl 
‘ ie i a is : may 
1 HP dM ns ee. 65 that a 3 diametral pitch 21% in. face re 
( a 530,300d') NiWvnye + Ne gear of this diameter will carry the load os 
j a pa - \ 
Cann ial rherefore 81 teeth and a face of 242 im se 
As with spur gears . ‘ : ‘ que 
a : will be tried for the driven or last gea! 
ao 530,000 HP dy MV N24 Ne cee ' , | oth 
S sin a 3] d Mi 7 - (66 With this data the number of teeth 1 | 
- ’ e 4 ts No ° : 1 | 
0.70 E. the mating gears can by trial be svlected 
ane ees . In terms of the torque 27 20. OO es ee cer, 
rhe limiting static tooth load for bevel ee ee eee as 37, 50 and 22 respectively. — cal 
gears is then / 8.414 Td’, NiIWN24+ N2 \ transmission efficiency of 0.0° wil! 
d;3 - = ; ie son 
4’ fQ' d,ZM (60 M s Ne " be assumed for the first and -econd “1 
- . . a = » ” 
° mid ° . ~ al PS 4 9: . » i air 
As with spur pinions, the diame- A good value of s is 85 to 80 per cent. — and 0.94 for the third pair. mo) 
ter of the bevel pinion can from Equa- To illustrate the method and_ proce- For trial calculations it wll > ap] 
° ‘- m ° ° e , > P e * " “ <a at 1 ) 
tion (60) be readily determined. dure in using the formulas, an example assumed that 5 diametral pitch ill be in 
The ideal face width for bevel gears will be worked through. Table VIII satisfactory for the first and secon’ pall whi 
is considered to be one third of the cone shows the steps in the solution of the with a 1 in. face for the first pal and 2 act 
distance /,, problem. 114 in. face for the second pair. ma 
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CERAMIC PARTS 





Electric Co 


Fig. 1 


Water-cooled mercury 


projection lamp of high intensity uses 


Isolantite to insulate lamp elements and circulating pipes for cooling water 


Typical mechanical and electrical applications of magnesium 


silicate ceramics in parts of machines and instruments with a 


discussion of the material’s physical and electrical properties 


HAROLD G. 


lsolantite, 


MONG the different types of mate- 
rials grouped under the compre- 
hensive heading of ceramics, the 

magnesium silicate group 
physical, chemical and electrical prop- 
erties which offer interesting possibili- 
tes for a wide range of uses, in both 
electrical and 


possesses 


non-electrical applica- 
tions. The best-known property of the 
Magnesium silicate ceramics, that is 
their exceptionally low dielectric losses 
when ised as insulators in a high-fre- 


quenc held. has tended to overshadow 


other ually interesting properties. 

Alth ugh the 
ceran of which Isolantite is a typi- 
cal ex imple, are frequently classified 
“omew 


magnesium _ silicate 


loosely under the heading of 
porce| ins.” they have little in com- 
mon porcelain except in physical 
ippea e, 


in the 


The essential raw material 
nufacture of porcelain is clay, 


Which duces entirely different char- 
acterist 


from those — distinguishing 


l Agnes 


silicate ceramics. 


March 1939 


BEEBE 


Inc. 


In brief. the magnesium silicate ce 
ramics may be said to be characterized 
by high mechanical strength, chemical 
inertness. and low electrical losses. In 
the elaboration of these points, this ar 
ticle does not purport to offer an ex- 
haustive study of all of the properties 
of this material under varying condi- 
tions of application, nor to mark off 
definite boundaries separating the ap- 
plications for which Isolantite is suita- 
ble from those for which some other 
material is preferable. A summary of 
the outstanding properties of the mate 
rial, together with a discussion of some 
of its general industrial uses, will, how- 
ever, serve as a basis on which the de 
sign engineer may form preliminary 
decisions as to the potentialities of the 
material for his particular problem. 

In considering the physical proper 
ties of this special group of ceramics. 
it is advisable to emphasize at the out 
set that breaking strength values can 


not be listed with the same degree of 


Fig. 2—Oil burner ignition electrodes in 


which Isolantite tubes are casings 


definiteness as for metals. The strength 


of a ceramic article depends very 
largely upon the section of the article. 
Test specimens which do not resemble 
commercial articles are frequently of 
little value in determining the strength 
of a specific part. In considering the 
suitability of a ceramic for a particular 
application, it is therefore advisable to 
obtain data based on the shape in ques- 
tion. The values given here for mechan 
ical strength are to be considered only 


as general indications. For example, an 
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Isolantite bar in tension where the full 
cross-section is utilized will develop an 
average breaking strength of 5.000. lb. 
per sq. in. in a bar of 1 
7.000 Ib. per sq. in. 


diam. 


in. diam. and 
in a bar of % in. 
The same bars in cantilever load- 
ing will modulus of 
20.000 Ib. per 


have an 
15.000 


respectively. 


average 
rupture of and 
sq. in. 

Under tension the values for mechan- 
ical strength are markedly affected by 
the shape of the section and the method 


of suspension. Under favorable condi- 
tions, as when parts are assembled with 
cemented metal énd caps. breaking 


strength will frequently be above 6,000 
Ib. per sq. in. Cemented end caps are 
in common use although they do not 
provide the best electrical construction. 
Under the 
that is, 
sacrificed for 


least favorable conditions. 


when the cross-section area is 


mounting or supporting 


purposes. such as holes through bars 
for cables in- strain’ insulators. the 


breaking strength is usually in excess 


of 2.500 Ib. per sq. in. Between these 


limits it is ordinarily possible. by a 
furnish parts 


meeting definite strength specifications. 


process of selection, to 

Under compression the value for ulti- 
mate strength is approximately 100,000 
The thickness 
influences the compressive 


Ib. per sq. in. ratio of 
to area 
strength. A part with a semi-spherical 


end uniformly loaded is the strongest 
shape under compression, also a_cylin- 
der with flat ends and a length equal 
to the diameter is a good shape to sup- 
The 
under transverse loading, as measured by 
the modulus of 


port) compressive loads. strength 
rupture. generally ex- 
15.000 Ib. per sq. in. and 


values as high as 20.000 Ib. per sq. in. 


ceeds 


are often obtained. 

A highly characteristic of 
Isolantite, particularly when applied as 
an insulator, 


important 


is its stiffness. The mate- 
rial has a modulus of elasticity of 15.- 


000.000 Ib. per sq. in. The thermal co- 





Fig. 3 


Sealed switch of the instantaneous-break type which uses 
an Isolantite cup to hold a pool of mercury 


efficient of expansion of this material is 
relatively low. measured at 20 deg. C.. 
the value is 0.000007 per deg. C., and 
the material is not subject to deteriora- 
tion at temperatures encountered — in 
normal service. 

the chemical stand- 
point, magnesium silicate materials are 
suitable for the manufacture of parts 
subjected to the action of acids, as they 
are almost completely inert to the action 


Considered from 


of all acids except hydrofluoric. Ce- 
ramics in general are not highly re- 


However, the steatite 
resistant to alkalis 
than clay porcelains. and can be used 


sistant to alkalis. 
ceramics are more 
in contact with alkalis for short periods 
of time. An application 
made possible by this characteristic is 


interesting 


Under 
normal operating conditions, the mate- 


the packing for reaction towers. 


rial used for packing is exposed only 
to acid attack. When the 
cleaned. however, the packing is washed 
down with an alkaline solution, and the 
material attack for 
short periods of time, and resist pene- 
Isolantite has 


tower is 


must withstand 


found to 
give entirely satisfactory results in this 


tration. been 
service. 


Electrically, Isolantite has excellent 


insulating properties, the average vol- 
ume resistivity, determined by a series 
of tests under varying conditions, is 10" 
ohms per c.c. its non-absorbent body is 
an advantage in electrical applications 
also, as volume resistivity is almost en- 


tirely unaffected by moisture. Surface 
leakage resistivity. determined under 
conditions paralleling actual service. 


ranges from 10° to 10° ohms per sq. 
em.. with an average value of 10’ 


These values are based on clean 
insulators. 
Another electrical) property of this 


material, which is especially desirable 


in high-frequency 


applications. is its 
This 


part 


loss. 


little 


extremely low dielectric 


characteristic, which plays 


The Merecoid Corporat 


Fig. 4 





elect: ical 


industrial 
equipment, is an essential factor in the 
manufacture of 


in the design of 


radio and communica. 
tions apparatus. 

While this summary of inherent char. 
acteristics may serve to guide the prod. 
uct designer in determining suital ility 
for various uses, it is necessary to 
sketch briefly the manufacturing proc. 


esses of the material. and the limitations 


of size and cost economy which thes 
processes impose. 
In general. Isolantite may be either 


molded to a finished shape, or extruded 
in the form of rod, bar, or tube. Un 
fired stock which has been pre-formed 
by extrusion or any of the molding 
process can subsequently be machined 
by practically any of the ordinary ma. 
chining operations. Holes can be drilled 
and tapped: slots can be cut; the piece 
can be threaded. Obviously, the amount 
of machining necessary markedly affects 
Where the piece 


is of such a size and shape that it can 


the cost of the piece. 


be conveniently molded in a single oper 


ation, expense of machining can 
eliminated, but die costs are 
The best method oi 


manufacture of a specific piece is best 


involved 
decision as to the 


arrived at in consultation with the sup 
plier. both of produ 
tion and the necessity of s 
affect the 


Considerations 
economy 


curing a homogeneous body 


size of plece which it is possible ti 
produce. 
Lowest costs can be obtained wher 


tolerances of plus or minus 1 per cent 
are allowed for dimensions over one hall 
inch, and for dimensions under one hal! 
inch a somewhat greater percentage 
tolerance is frequently required to meet 


minimum costs. Certain critical dime! 


sions of a part may generally be held 
closer without material increase in price 
\t somewhat higher prices. substantiall) 
better 


special control during manufacture. 


tolerances can be furnished bi 


Grinding may be also employed atte! 





The : 2 


White Dental Manufact 


Mouth lamps used for dental operations in whic: s™ 


Isolantite tubes form the insulation between electrical cis wits 
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arti:les are fired to produce pieces to 
ver) close tolerances, at costs compar- 
able to the grinding of steel. As with 
any other material used by the product 
designer. the stipulation of 
closer than normal involves a sharp rise 
should — be 
avoided unless absolutely necessary. 


tolerances 


in production costs, and 

The potential uses of magnesium sili- 
cate ceramics are so varied that it is 
impossible, within the compass of this 
article, to do more than indicate by 
reference to the few specific applications 
illustrated the direction of possible uses 
in other products. 

An interesting group of special appli- 
cations of Isolantite as an insulating 
material comprises several uses in the 
felds of therapy, surgery, and dental 
surgery. Small blocks of this material 
are used as insulation in the construc- 
tion of X-ray Dental mouth 
lamps, cautery instruments. and coniza- 


tubes. 


tion electrodes are other types of equip- 
ment using this type of insulation. In 
such applications space requirements 
limited, the in- 


sulating material must have high me- 


are usually extremely 


chanical strength in small sections. and 
must be formed with a high degree of 
dimensional precision to permit easy, 
economical assembly. 

A newer application for this ceramic 
material is in the construction of a water- 
cooled mercury projection lamp which 
is in the course of development. where 
it serves to insulate the elements of the 
lamp. and also to insulate pipes used to 
circulate cooling water for the lamp. 
This lamp. which has a brightness ten 
times that of the 
lamp. is expected to find application in 
many photographic 


brightest tungsten 
processes and in 
lithography. 

An application in which both the elee- 
trical and mechanical properties of this 
material are utilized is a coupling shaft 
used between the motor and the gener- 
ator of equipment used to generate cur- 


Fig. 8 


) 


elemen; 


Marcel, 1939 





utery instruments which use Isolantite for the heating 
res and for the lead wire insulating tubes 


radio 
Here it is essential that the 
frames of the motor and of the gener- 
ator be 


rent for lighting the towers of 
stations. 


insulated from each other, an 
lsolantite rod. used for insulation. serves 
also as the intermediate shaft between 
the motor and generator. 

Magnesium silicate ceramics are ex- 
tensively used by the oil burner industry 


as the insulating material for the burner 


electrodes. Its high mechanical strength 
permits reduction in the size of the in- 


sulators without sacrifice of electrical 


113 


safety factor. Imperviousness to oil and 


moisture are important factors in this 
service, 

In the chemical industry. in addition 
to the reaction tower packing men- 
tioned. Isolantite is used for the manu 
facture of valve particularly 
where acids are to be handled. 


Further exploitation of this ceramic. 


parts. 


long established in the radio field but 
comparatively new as a general indus- 
trial material. is expected to open up 


many new possibilities. 





Fig. 6 


Crocker-Wheeler Electric Manufacturing Company 


Motor and generator in a radio tower lighting set are connected with an inter- 


mediate drive shaft made of Isolantite which also serves as an insulator 


Fig. 7—X-ray tube in 
which small blocks 
of Isolantite are used 
as insulators 


1. Greenwald Company, Inc 


Fig. 5 





General Electric z-Ray Corporation 





PostElectric Company, Ine 


Conization electrodes and loops used in physical therapy 
employ Isolantite parts in their construction 
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COMPRESSION SPRINGA 


In many installations where compression springs are used, ad- a a 
head locking screw 


justability of the spring tension is frequently required. The 
methods shown incorporate various designs of screw and nut 


adjustment with numerous types of spring-centering means to 


guard against buckling. 


reducing members to facilitate adjustment especially for springs 


of large diameter and heavy wire 
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Some designs incorporate frictional 
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Effect of Rotation on Shrink-Fit Stress 


SPOTTS 


Johns Hopkins University 


When a shaft. which has a hub or disk 
the centrifugal 
radial 


shrunk on. is rotated, 


forces produced cause outward 
displacement of the disk or hub a greater 
amount than the shaft. thus reducing the 
The resulting 


the disk 


and shaft may be obtained by combining 


original contact pressure. 
pressure which exists between 
the known equations for shrink fits and 
rotating disks. 

The 
strength of materials (for example Timo- 
shenko “Strength of Materials.” Vol. IL. 
pp. 528-545. Van Nostrand) for the con- 
produced by a shrink 


equation given in books on 


tact: pressure Pe, 


fit between a disk and a solid shaft is 


wEO-Z)E 
where E is the modulus of elasticity for 
the material. assumed to be the same for 
both disk and shaft. a is the radius of 
the shaft. 6 is the outer 
disk, 
radius of the shaft exceeds the radius of 
the hole in the disk. 

When a disk of uniform thickness. hav- 
hole 


radius 6 is 


radius of the 


and 6 is the amount by which the 


ing a radius of a and an outer 


rotated. the increase u of 


the radius of the hole is given by 


Kab? 34+ wu ( a- 
u l T 
4 1 + b 


> 
» T et a 


1 mv bh 


where I is Poisson’s ratio. The constant 
K is given by 

F »>wW 2 

K ] lu : ns om) 

gE 
where p is the weight per unit volume of 
the material composing the disk. @ is the 
angular velocity in radians per sec.. and 
g is the acceleration of gravity. 
Similarly the radius of the shaft will 
be increased by 
Ka 3+ u 


Ss 1+ u 


The foregoing formulas can be utilized 
to evaluate the case of combined shrink 
fit and rotation. The figure shows a disk 


radius a and outer radius 6b 


together with a short length of the shaft 


of inne 


whose radius is greater than that of the 
When both shaft 
rotating at an 
velocity of @ radians per sec 
the disk is 


radius of the shaft 


hole by an amount 4). 
and disk are angular 
.. the inner 
radius of increased by the 
amount u, and the 


is increased by uy. 
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Shrunk-fit disk on shaft before and during 
rotation 


From the figure. 


6 6 ¥- & a) 
Substituting the values of uw and u, 
9 


) and (4). we obtain 


Kab’ e ie | 
4\4 7 Ms 


By substituting this value of © in equa- 


from equations | 


tion (1), the value of the contact pres- 
sure when shaft and disk are rotating is 
obtained. Performing this operation. to- 
gether with the substitution of the value 


of K from equation (3) yields 


E a 5 i it ak 

r= 9(-) ige |" 

This value of p> is of course the com- 

pressive stress in the radial direction in 
the disk at its inner boundary. 

If the material under consideration is 

steel, E = 20,000,000 Ib. in? » = 0.3, 


and p 0.283 Ib. in.” Further. 

aN 

where \ is the number of revolu 
30 

tions per minute. and g is 32.2 x 12 


in. sec. Using the above values. equa- 


‘ 


) reduces to 


1 « 
P 2 (1 =) 


30,000,000 ° 
a 


tion | 


0.00000663 6° .\ s 


\s a numerical example. take a 

3 in. 6 10 in. ° 0.001 and \ 
a 

From equation (8) con 
9.740 |b./in. 


be compared — with 


3.600 r.p.m. 
tact pressure p, 

This result 
13,650 Ib. in. 
parts are not rotating as given by equa- 
(ly). If p, 
equal to zero. the speed at which contact 


may 
contact pressure when the 
tion in equation (8) is set 
pressure vanishes can be computed: in 
the foregoing example this would occu 
at 6.730 r.p.m. 

The stress in the tangential direction 
S;, may also be obtained by combining 
the effects of rotation and shrink fit. At 


the inner boundary of the disk. rotation 


stress Is 


Re pbew? 3+4u (1 ; li—p @a ) Q 
q 4 stu b 


The stress caused by shrink fit is given 


¢ ¢ + a? 1 
‘ h 3) Pe 


is obtained 


w 


where p, from either equa 


tion (7) or (8). Total stress is obtained 
by adding equations (9) and (10) gis 
ing 
s pbrw 3+ (1 ‘ . u : ) 
q 4 3+u bb / 
? a- 


be 
) 1] 
( b a )i 


For the foregoing example this tangen 
tial stress is 20.430 Ib./in’ at the inne! 
boundary of the disk. 


Machinability of Steels 


To the Editor: 


The writers of the article “Michi 
ability of Steels” which appeared the 
January 1939 number of P.E.. p |2. 
in so far as I can see. mention ha dness 
but once and there only refer to “y «rious 
Brinell hardness values” but give real 
figures. Is it possible that they not 
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» that hardness, to some extent, lim- 
it- ‘ie rates of machining? Is it possible 
they would attempt to classify hot 
rolled. cold rolled and annealed unde1 
th: same comparative values? 

lhere is no appreciable difference in 
the machinability rates of steels until 
one gets into heat-treated steels with a 
Brinell hardness of 255 or Rockwell 
hardness of 25 C. Modern cutting ma- 
terials have made a lot of conversation 
about the cutting rates of steel unneces- 
sary. 

| have been working with carbide tools 
and have found that hardness is the 
only real property of steel to consider 
when using them. There is no appreci- 
able difference in the cutting rates. al- 
though a different grade of carbide for 
the higher alloys and for the low alloys 
or for the straight carbon steels would 
be necessary. 

] would like to ask the authors what 
rates of speed they would consider “fair” 
when machining say SAE 1112 steel. 
With carbide tools the reply would be: 
if the depth of cut is ,'¢ in.. and the 
speed 0.012 in., then the speed would be 
600 or even as much as 90 surface ft. 
per min. depending on the machine. 

C. G. WILLIAMs, 


Davenport, lowa. 


~_ 


To the Editor: 


Referring to the letter from Mr. Wil- 
liams whose criticism we deeply ap- 
preciate. If he will examine the chart 
given in the article he will note that the 
Brinell hardness for each particular steel 
mentioned is specifically plotted. While 
hardness has a direct influence on ma- 
chinability. it must be remembered that 
such other factors as shearing strength, 
ductility. the effect of mass ferrite in 


steels below 0.30 per cent carbon and 
grain size are also factors which can- 
not be ignored. 

With the use of carbide tools and 


special heavy duty machine tools. it is 
possible to obtain machinability values 
greatly in excess of those being obtained 
in a vreat many plants. These plants. 
however, are doing a great variety of 
work and are more or less specification 
shops Due to the high first cost of 
built machine tools they are 
neces-irily limited to the use of average 


speci illy 


fabric sting equipment and 18-4-1 high 
speed jools. It was this type of plant 
lor which we believed a relative ma- 
china ty chart would be of value. 

It ilso possible with 18-4-1 tools 


under deal] 
mach 


conditions to exceed the 


‘ility values shown in the chart. 


It mu e remembered that the values 
{uote re the general average for a 
ereat ety of work over a long period 
of tin id should only be regarded as 
such, t. we believe that there are a 
creat mber of specification shops 
where 


number of pieces of work for 


Marc} 
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each operation is necessarily small. while 
the variety of work is very large. This 
makes it difficult to justify the purchase 
of highly individually specialized ma- 
chine tools, and it is with this thought 
in mind that the machinability chart was 
published. 

In regard to the question of what we 
could consider a fair speed for SAE 
1112 steel we find that our latest tables 
give us surface speed of 175 ft. per min. 
with 0.035 in. depth of cut, and 0.062 in. 
speed. This is with 18-4-1 tools using 
no coolant for a semi-finish cutting opera- 
tion. The example quoted in the article 
was not a practical problem. and was 
intended to illustrate a method of select- 
ing a material, giving due consideration 
to machinability. rather than attempting 
to typify the rate of machining arrived at 
in practice. JAMES SORENSON 

The Four Wheel Drive Company 
Clintonville, Wis. 


To the Editor: 


While we appreciate that the example 
given in this article was merely for pur- 
poses of illustrating the general value of 
machinability ratings. we would like to 
point out certain factors that an engi- 
neer must take into account. While 
Table 3 was established on the 
basis of steels selected according to their 
tensile properties. it must be remembered 
that this is not the only important item 
to be considered. Quite often the struc- 
tural conditions of the 


your 


materials them- 
selves are of equal importance. 

It is that if the 
basis of steels 


conceivable 
selections for the were 
other than tensile value. striking differ- 


even 


ences in machinability ratings would 
have made your problem even more 


forceful. The closing paragraph of the 
article where you point out some of the 
possibilities of heat-treating. carburizing 
cr other possible operations to be per- 
formed, indicates how the 
steel may 
number of 
a specific purpose will 


selection of 
difficult. 


suitable for 


the correct become 


as the steels 
be greatly in- 
creased. 

It is my belief that too great an em- 
phasis cannot be placed on the value of 
machinability ratings particularly as the 
percentage of raw stock to be removed 
end the number of parts to processed 
increases. However in no case should 
metallurgical limitations be neglected in 
an effort to Close co- 
operation with the metallurgist is essen- 
tial if the final design decision is to be 
correct. W. R. 

Chicago, Ill. 


get low costs. 


To the Editor: 


Your article on the machinability of 
steels in the January number is most 
interesting and it is to be revretted that 
the figure which included the original 
cost of materials had one or two errors 
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in it which spoiled the accuracy of the 


article. For example. 25 extra 
should be added to the base price of the 


S.A.E. 1095 steel. 


cents 


I also note that you 
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have not allowed for the differential 
charge for S.A.E. 4300 steel, which will 
actually make it the most expensive steel 
in the table. 

Il am forwarding herewith a corrected 
chart which gives a slightly different pic- 
ture. While | this 
basically correct every engineering de- 
partment should get exact costs of raw 
materials 


believe figure is 


from its purchasing 
ment before making a_ selection. 


Ep. Wes 
Oak Park, Ill. 


depart 


Auction Problem 


To the Editor: 
The solution to the 
problem by H. E. 


number can be 


animal auction 


Smith in your January 
made much more ele- 
gantly. By clearing the second equation 
of fractions, that the 2 
the Z has dropped by 
error), subtracting the first equation 
from the second and solving for y, we 
have 


(noting under 


been printer's 


1O00—192 19x 
Y Or \ 2() 


7) » 


By inspection, x must be a multinle of 
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5 in order that the second term may be 
integral, and it cannot be more than 5 
if y is to be positive. Therefore, 5 is the 
only permissible value for x. 

Where there is one more variable than 
equations, as here, the solution is inde- 
terminate and there will be an_ infinite 
nuumber of sets of values for the variables 
as solutions. If these values are restricted 
to positive integers, as they are by the 
nature of this problem, the number is 
vreatly reduced: in this case, the num- 
ber reduced to one. Cari P. NAcHOop 

Vachod & U.S. Signal Company 


Not Too Modern. Please 
HAL FALVEY 


Wo. W. Garrison & Company 


What the public seems to want is not 
something new at all, but what they have 
always had. done up in a new, but not- 
too-new package. Contrasting design ex- 
perience of an automobile manufacturer 
and a fountain pen maker serve to illus- 
trate this point. The car builder rashly 
outpaced the public a while back, pro- 
ducing an automobile with the general 
lines of a widely-publicized racing car. 
The wheels were scarcely visible. the 
radiator. hood, top and tail rolled back 
in one suave line, and the interior was 
reminiscent of an air liner. The design- 
ers were sure it would captivate the pub- 
lic. But it didn’t: it was too advanced. 
People shied away from it. Some wealthy 
people of presumably advanced tastes 
did purchase, but not enough to keep a 
production line going. Proof that the 
trouble was in the too-advanced design 
lies in the fact that when the same car’s 
lines were brought into more harmony 
with what the public thought a car 
should be like, sales responded nicely. 

Compare that with the experience of 
the fountain pen maker who did it right 
the first time. In order to make his pen 
and its advertising distinctive. he used 
streamlining. He put a bullet-shaped end 
on the cap of the pen, and another on 
the quill, completely abandoning the tra- 
ditional baseball bat-shape used for 
decades. 

As with the automobile, the new pen 
lines suggested speed and facility, both 
desirable in a writing tool. A wholly new 
impression was achieved. But note that 
the pen still came in two parts: a cap 
and a barrel. The barrel still had the 
familiar pen point on it, and the cap re- 
tained its old-time pocket clip. The whole 
thing was new, but not too new. And its 
sales have soared, and led the industry 
since. 

Examples can be multiplied. There 
was the very successful coin-operated 
weighing machine newly re-designed, 
yet retaining the familiar coin slot, plat- 
form and dial exactly where they had 
been on earlier models, plus the canny 
thought of printing “Step On It” on the 


weighing platform, in case the public 
didn’t catch on that it was a weighing 
machine. Such design couldn't fail. It 
was new, but not too much so. 

Then, for contrast. a manufacturer 
produced a telescopic light metal duck- 
boat. In every field test it was a dandy. 
But hunters are set in their ways, chary 
of new things. It didn’t look like a punt 
to them. Not enough, anyway. They 
wouldn't even try it. And so this article 
was not a commercial success. 

It comes down to this: Product de- 
signers have gone miles ahead down a 
route that the public hasn't traveled yet. 
But people instinctively shy at the unfa- 
miliar. They must be led slowly, by the 
hand, along the road the designers long 
since traveled. Better to design the ulti- 
mate article, and then backtrack a bit 
before trying to sell it. than to lose the 
all-important tie-up with whatever design 
has gone before. After all. the idea is to 
sell the product. 

How, then, can one tell when a design 
departs dangerously from its ancestors? 
The best way is to give it a try-out with 
actual prospective purchasers. Be sure 
they do not know this is a test. or their 
sudden self-consciousness will blur the 
spontaneous reaction you want. If such 
a test is not feasible. then one can only 
sit back and look coldly at the new de- 
sign and decide whether it is too radical 
to sell and whether it plainly states its 
purpose. This is not easy, beset as you 
will be by the temptation to take out all 
the newness. 

And so, out of much experience mar- 
keting devices designed by product de- 





signers. the only practical guide tat 
has emerged for me in judging the sala. 
bility of any design is summed up read- 
ily: “not too modern, please!” Flse 
people will gape at your product, jut 
they won't lay down their money for it. 


Clutch Problem 
To the Editor: 


In a certain single-plate clutch instal. 
lation, the following data apply: 


OS Fees Tee = =—. 
Outside diameter clutch facings. .10 in, 
Inner diameter clutch facings. ..... 6 in. 


Torque arm of facings..........0.34 ft. 
Effective area, both facings. .0.697 sq. ft. 
Total inertia load ...1.75 ft.lb. per sec? 

\ similar installation is contemplated 
for a larger clutch of the same type. This 
larger clutch should be under a strain 
proportional to that of the 
clutch in its installation. 
larger clutch: 


smaller 
Data on the 


RN tenet cree as ne Cae 1200 Ib. 
Outside diameter clutch facings. 10°4 in. 
Inside diameter clutch facings... .7 in. 


Torque arm of facings ........0.374 ft. 
Effective area, both facings. .0.727 sq. ft. 
My problem is to compute the total 
inertia load which will produce in this 
clutch a strain proportional to that pro- 
duced in the smaller clutch. In solving, 
following two different lines of reason- 
ing. I have arrived at two different an- 
swers. I should appreciate any help that 
your readers may be able to extend. 
F.W.L. 
Detroit, Michigan 





Can You Work This 


One? 


H. E. SMITH 


Solution to last month’s problem 


On a Bicycle Built for Two 


Tom and Harry rode the tandem for a 
distance of thirty miles, while Dick 
walked six miles. At the thirty-mile 
point, Harry continued his journey afoot 
and Tom pedaled back towards Dick. 
They met at a point ten miles from the 
start of their journey, since at their 
respective speeds Tom covered twenty 
miles back while Dick walked forward 
four miles. In the meantime, Harry had 
walked five miles toward the destination. 
Tom and Dick. riding tandem, raced 
toward the destination covering the 
33 1/3 miles in the same time that Harry 
proceeded 81/3 miles. Thus the three 
reached their destination simultaneously. 
with a total elapsed time of four hours 


and ten minutes to cover the total dis- 
tance of 43 1/3 miles. 


This month's problem 


Forward March! 

During a recent St. Patrick’s Day 
parade, the men in the — procession 
marched ten abreast. One of the brethern 
in the last row ducked into a tavern for 
a short beer. Naturally he failed to re- 
turn to the line of march. The Grand 
Marshal tried to reorganize thing: on 
the basis of nine men to the row. as 
eleven would not do. It was dis ered 
the last row came out with eight men. 
He then tried successively eight, -even, 
six. five, four, three and two alvreast, 
but in every case, the last row w.- one 
man short. What was the mi: mum 
number of Trishmen in the parade 
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News 


Electronic Lighting Permits 
1/100.000-Sec. Film Exposures 


New photographic technique developed by Spalding research 
laboratory will aid analytical studies of complicated motions 


NEW PROCESS of photography. at a 
A greater degree of speed than ever 
before —to 1 100,000 sec. exposure—has 
been developed by A. G. Spalding & 
Bros. The demonstration of the process 
was made coincident with an announce- 
ment of the establishment of a research 
department as a separate division of the 
company. incorporating Spalding’s test- 
ing laboratory at Chicopee. Mass.. the 
largest sporting equipment laboratory 
in the world. 

The research division will be under 
the direction of Dr. J. B. Dickson, who 
has been on the Spalding scientific staff 
for the last fifteen years. Consultants 
of the department are George S. Rad- 
Arthur 
D. Little. Incorporated. of Cambridge. 


ford. consulting engineer. and 


Mass. The activities of the research de- 
partment are coordinated with the other 
activities of the company. and will ex- 
tend to the sports field the same_re- 
search technique which has been  sue- 
cessfully applied in the automobile, elec- 
trical goods and chemical industries. 
Many of the photographs shown. at 
the demonstration illustrated Dr. Edger- 
ton’s most recently developed technique. 
multiple high speed exposure. in which 
successive exposures of 1/100.000° sec. 
each are made at rates up to 600 per 
sec. ven single exposures timed as 
short as 1/100,000 sec. are very far be- 
yond the range of the conventional 
camera where top exposure is limited to 
about 1/1500 see. by the obvious difh- 


culty oi moving a mechanical shutter and 


the in iequacy of usual light sources. In 
this ¢; the ultra-speed photography was 
used the study of the game of golf. 
but it an be applied to the photography 
of rap! motion in any field. 


Phot zraphy with such short expo- 


sures possible by the use of modern 


electr lighting and control devices. 
by wh shorter exposures are possible 
and t timing of the flashes is under 
accura! control. With the new process. 
light 1 gas-filled tubes can be con- 


trolled urately so that intense flashes 


Marcel, 1939 


of light occur at exactly spaced intervals 
of time in almost any desired fashion. 
The exposure time is determined by the 
duration of the flash of light from a 
vas-filled tube and not by a mechanically 
moving shutter. This is accomplished by 
the sudden release at the desired time 
of electrical energy stored in a con 
denser. By taking superimposed photo- 
graphs at successive intervals of time, a 
composite photograph of a complicated 
motion can be made. 


Summary of Recent 
Research on Silver 


arms by a group of leading 
KJ American silver-producing compa- 
nies. the metallurgical program has ad- 
vanced to the point where tensile test 
data have been obtained showing the 
effect of small additions of silver on the 
properties of a number of commercial 
alloy types. Were silver as low priced as 
the more common alloying elements. the 
improvement in properties resulting from 
addition of a small percentage of silver 
would be of great practical interest. At 
the present price of silver. each per cent 
of silver added increases the cost of the 
alloy 614 cents per Ib. The improved 
properties commented on below must be 
balanced against the cost of the silver 
needed for the improvement. The data on 
which the observations are based appear 
in the Seventh Progress Report prepared 
by the research associates at the National 
Bureau of Standards. 

The following alloys showed that add- 
ing about 5 per cent silver notably in- 
creased the yield strength of the wrought 
alloy without commensurate loss in duc- 
tilitv: 80-20 cupronickel, alpha brasses. 
5 and 10 per cent tin bronzes. 5 per cent 
aluminum bronze. and Everdur (3. per 
cent Si. 1 per cent Mn) bronze. 

The 10 per cent tin bronze. the manga- 
nese-silicon bronze. and the 5 per cent 
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aluminum bronze were markedly im- 
proved by adding 3 to 5 per cent of silver 
to the alloy. The silver addition induces 
a response to precipitation hardening 
heat treatment, although some improve- 
iment was observed even without special 
heat treatment. 

Approximately 5 per cent of silver 
added to the wrought eutectic aluminum 
silicon alloy conferred substantial added 
hardness at temperatures above the soft- 
ening temperature of the silver-free alloy. 
It is expected from the data obtained to 
date that silver will be found to improve 
the high-temperature properties of alu- 
minum-rich alloys in general. as well as 
in the case of the Al-Si alloy mentioned. 

Lead-silver soft solders (5 per cent 
silver) have been found to make satisfac- 
tory sweated joints in coppel tubing 
assemblies. and such joints have good 
properties when tested at elevated tem- 
perature for long periods of sustained 
loading. 

Research at the Battelle Memorial In 
stitute on bearings has brought out ad 
vantages which a silver-lead alloy (4 to 6 
per cent lead) seems to offer when com 
pared with pure silver. Effort) is now 
being made to prepare steel-backed bear 
ings of this alloy by electrode position 
methods. 

Research is continuing at Rensselaer 


Polvtechnic Institute on = sliding silver 








2500 ton capac'ty hydraulic press, built 
by the Lake Erie Engineering Corpora- 
tion for the French Air Ministry, to be 
used for forming dura'umin sections of 
airplane wings, pontoons and fuselage 
parts. Press weighs 392,000 Ib.: ram is 
42 in. diameter; platens are 150 by 89 in. 
Electrically driven pumps are mounted 
on the upper deck 








120 


contacts. A performance comparison has 
recently been made between latest model 
starter motors equiped with copper- 
graphite and silver-graphite brushes. 

A study of temperature-pressure and 
time relationships in the cold-welding of 
silver has been completed at Lehigh Uni- 
versity. Cold-welding at temperatures as 
low as 200 deg. C. was observed. 


Powerful Televisor 
Vears Completion 


TELEVISION transmitter, designed 

to broadcast with improved picture 
definition, will be put into operation 
within the next three months by Gen- 
eral Electric at Indian Ladder in the 
Helderberg Hills. 12 miles from Schenec- 
tady, N. Y. 

Built on top of a 1500-ft. hill with 
an antenna strung on 100-foot towers. 
this station will be at least 250 feet 
higher than the one atop the Empire 
State building in New York. To the 
south are higher hills which, with a di- 
rectional antenna, will tend to prevent 
the signal from causing any _ possible 
interference with stations in New York 
City. With a power output of 10. kilo- 
watts, the transmitter coverage will be 
the area comprising Schenectady. A\l- 
bany, Troy, Amsterdam, and Saratoga. 

From an ultra short-wave transmitter 
on top of the studio building in Schenec- 
tady. the images will be relayed over 
the 12-mile gap on a 1.4 meter band to 
the main transmitter in the Helderbergs, 
where they will be broadcast for public 
reception on a wavelength in the 66-72 
megacycle band or on about 44% meters. 
The voice accompanying the picture will 
also be broadcast on the same band, on 
a frequency immediately adjoining the 
picture, assuring reception with less  in- 
terference from static than experienced 
on the regular broadcast channels. 


Finishing Symposium 
alt A.S.T.E. Convention 


\ symposium on “surface finish”—with 
proponents of all methods of accurate 
surface finishing presenting papers on 
grinding. lapping. diamond boring. hon- 
ing and “super-finishing™” will be a high- 
light of the 1939 A.S.T.E. convention 
in Detroit March 14th to 18th. A second 
symposium. “New Developments and 
Their Effect on the Tool Engineer”. will 
bring together in one evening session 
a group of papers on new methods. ma- 
terials, and equipment. 

There will be no day-time technical 


sessions. so that tool engineers will be 


free to visit the 1939 Machine and Tool 


Progress exhibition as well as the numer- 
ous industrial plants through which tours 
have been arranged. 


LAE. Presents Awards 


at Annual Meeting 


At the seventh annual meeting of the 
Institute of Aeronautical Sciences, held 
at the Pupin Physics Laboratories. New 
York, during the last week in January, 
awards were presented to A. V. de Forest 
and Russell C. Newhouse. 

Mr. de Forest received the Sylvanus 
Albert Reed award for the development 
of a method generally used in the air- 
craft industry for testing metals mag- 
netically. The Lawrence Sperry award 
was presented to Mr. Newhouse for the 
development and first practical applica 
tion of the terrain clearance indicator. 


Leipzig Fair 


HE Leipzig Trade Fair. which will 

hold its next session from March 5th 
to 13th, 1939. will comprise over 10.000 
exhibits of the newest products of thirty- 
four countries. The spring fair will be 
the 198I1st session of the historic ex- 
change which has been in existence for 
more than 700 years. 





MEETINGS 


AMERICAN MANAGEMENT ASSOCIATION 
Vinth annual conference and expositi:n 
of packaging, packing and shipping. 
Hotel Astor, N. Y., March 7-9. Americin 


Management Association, 330 W. 42nd 
he 


AMERICAN SOCIETY OF TOOL ENGINEEKs 

4nnual meeting and machinery and tool 
progress exposition, Detroit, Mich.. March 
14-18. Ford R. Lamb, executive secretary. 
2567 West Grand Blvd., Detroit, Mich 


Society OF AUTOMOTIVE ENGINEERS 
Vational aeronautic meeting. Washington, 
D. C.. March 16-17. World Automotir 
Engineering Congress, Hotel Pennsyl. 
vania. N. Y., May 22-28. Hotel Statler. 
Detroit, May 3l-June 8, Hotel Fairmont. 
San Francisco, Cal., June 6-8. John A. C. 
Warner, secretary, 29 W. 39th St.. N.Y, 


AMERICAN FOUNDRYMEN’S ASSOCIATION 

4nnual convention, Cincinnati. Ohio, 
May 15-18. C. E. Hoyt, executive vice 
president, 222 West Adams St.. Chicago, 
lil. 


AMERICAN IRON AND STEEL INSTITUT! 
General meeting, Hotel Waldorf-Astoria 
V. ¥.. May 25. Walter S. Tower. execu 
tive secretary, 350 Fifth Ave. N.Y. 


AMERICAN ELECTRO-PLATERS’ SOCIETY 
International convention, Ashbury Park. 
V. J.. June 19-22, W.J. R. Kennedy. ex 
ecutive secretary, 90 Maynard St.. Spring 


held. Mass. 


AMERICAN Society FOR Testing Ma 
rERIALS——Annual meeting and exposition, 
Chalfonte-Haddon Hall, Atlantic City. 
V. J.. June 26-30. R. E. Hess. assistant 
secretary, 260 S. Broad St., Phila.. Pa 








Typical section of extensive conveyor system installed in the new Revere Brass M:‘! at 
Rome, N. Y. The metal travels on the gravity conveyor to and from run-down nill, 
annealing furnaces, pickling and cleaning units and storage reservoir. Metal ca 
diverted from one section of conveyor to another according to the nature of the ext 
operation required 
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Corrosion Tests on 


Painted Steel Sheet 


ACTORS affecting the protective 
fk value of paints for steel and galvan- 
ized surfaces are being studied at the 
National Bureau of Standards. using 
accelerated laboratory corrosion _ tests. 
When steel is used in the form of light- 
gage sheet, protection is a matter requir- 
ing serious consideration, particularly in 
inaccessible locations, such as the inte- 
rior of walls. An important part of the 
present investigation is a laboratory 
study of the conditions affecting the dura- 
bility of paint films on steel and galvan- 
ized surfaces under conditions somewhat 


similar to those which might be encoun- 
tered in service. Special attention is being 
given to the severity of corrosion result- 


ing from moisture, and 
painted steel’and galvanized metal panels 
are being tested in the accelerated weath- 
ering apparatus, salt spray. and in a 
condensation 


condensed 


chamber, and 
similar panels are also exposed outdoors 
on the roof of the Chemistry building. 
Numerous pre-treatment solutions for 
beth galvanized metal and plain steel. 
with about 60 priming paints, are in- 
cluded in the investigation. 


corrosion 


An account of this work is given in a 
new Report on Building Materials and 
Structures, BMS8, now available from the 
Superintendent of Documents, Govern- 
ment Printing Office. Washington. D.C. 





Do You Know That— 


Woven Grass fiber gaskets that are 
soft, pliable. resilient and resistant to 
practically all acids except hydrofluoric, 
are now available. (5) 


\ NEW TELEPHONE INSTRUMENT, pow- 


ered solely by the speaker's voice, 
enables the user to call any of five other 


stations. (6) 


\ LUBRICATION METHOD employing col- 
loidal graphite suspended in kerosene, is 
now being used on conveyor chains oper- 
ating in high temperature zones. (7) 


Case Histories in Patent Law 


(Epiror’s Note: Ke wish to emphasize 
that in consenting to furnish this column 
wherein general explanations of the law 
in specific patent cases are set forth, 
Col. H. A. Toulmin, Jr. wants it clearly 
understood “that each actual case should 
be submitted to your own patent attorney 
who is the only one familiar enough to 
advise you accurately.” The purpose of 
these explanations is to give a_ better 
general understanding of questions of 
patent law.) 


No. 10 


QUESTION: What methods have been 
found effective in stimulating the rank 
and file in the invention, development or 
design departments to invent new or 
better products? 


ANSWER: Since the personnel of these 
departments are already being paid sala- 
ries for the work of inventing and design- 
ing. it is unusual to pay them direct in- 
centives for their inventions. However. 
several companies have found that it pays 
well to offer indirect incentives as_re- 
wards for extra effort. One concern 
which, manufactures business machines 
has t}\- set-up for development work: 

\t the top is what is known as a 


“futu demands department” which 
throus | research and careful study of the 
mark and probable future trends 
under! kes to determine the types of 


equipr nt which the company should 


produ. in the future. This department's 
findine and recommendations are submit- 
ted t “future demands committee.” 
which asses on them and determines 
— along what lines the products 
shoul 


developed. 


Mare}, 1939 


H. A. TOULMIN, JR. 


The committee’s findings are referred 
to one of the regular inventors, of which 
the company has several—all highly paid 
men. It is the job of the inventor to de- 
velop the mechanism for 
accomplishing the desired results. About 
95 per cent of the work of the inventors 
is along these lines, although, of course. 
they also frequently make suggestions for 
improvement in the product outside of 
their regular assignments. 


necessary 


Each inventor has as assistants two to 
five of the best designers on the. staff. 
who work out the detailed mechanisms 
under the close supervision of the chief 
inventors. These designers are in reality 
assistant inventors and are paid accord- 
ingly. When. as often happens. these 
assistant inventors in the regular course 
of their work contribute important sug- 
gestions showing ingenious — original 
thought they are usually included as joint 
inventors. The immediate value of this to 
the co-inventor is chiefly in added _ pres- 
tige although, of course, consistent merit 
of this sort is rewarded by increased sal- 
ary and ultimately by promotion to the 
rank of chief inventor. 

The bait of increased prestige and ulti- 
mate promotion to a job where they can 
be inventors independent of any supervi- 
sion has proved to be a greater incentive 
to independent thought than direct 
money rewards. Most of the best invent- 
ors come from the ranks of the assistant 
inventors. 

Below the assistant inventors is what 
is called the “invention designing room” 
which makes the detail drawings for 
models after the general layout of an in- 
vention has been made by the inventors 
and their assistants. 

From the draftsmen in this room, the 


assistant inventors are chosen, based 
largely upon the 


thought 


inventive 
them. The 
draftsmen, being in such close contact 


original 
demonstrated by 


with the development work are in excel- 
lent position to make suggestions in de- 
sign which are well worth while. 

The policy of promoting original 
thinkers from the rank-and-file drafts- 
men, first to assistant inventors and 
finally to full-fledged inventors has re- 
sulted in a steady flow of excellent ideas 
from that source. The able and ambitious 
draftsmen covet not only the larger earn- 
ings that go with the higher jobs. but 
also the prestige that accrues both within 
and outside of the company. 

\ leading company. in another branch 
of industry. which has highly organized 
research and development departments, 
also believes that it is undesirable to give 
direct bonuses for suggestions from those 
whose regular work is to assist in mak- 
ing inventions. Its experience was that to 
do so encouraged abnormal secrecy. 
based on jealousy, and this seriously im- 
paired the spirit of team work which is 
absolutely essential in such departments. 

To encourage suggestions from. this 
source, the company is quick to reward 
unusually good work among its inventors. 
draftsmen and designers with salary in- 
creases. This indirectly brings cash bo 
nuses inasmuch as the company pays 
wage dividends and makes distributions 
of the company’s stock in proportion to 
the amount of salary. 

This method, which has been in effect 
for several years has resulted in co-opet 
ation among those in a position to make 
worthwhile suggestions and a consequent 
free and copious flow ot good ideas from 
the rank and file. 


















New Materials and Part 





Votor-Operated Brake 


Designed especially for applications 
where positive. quick. “cushioned” brak- 
ing is required for stopping or holding 
a load. An a.c. torque motor, operating 


through a simple anti-frietion ball jack. 





releases the brake. When the brake is 
fully released. the torque motor is stalled 
When the 
opened, the heavy. helical torque spring 
sets the brake. A slight flywheel action 
of the rotor provides smooth. cushioned 


across the line. circuit Is 


braking. Brake is available in five sizes. 
providing maximum torque ratings of 
160. 400. 800. 1.600 and 3.200 Ib.ft. on 
intermittent duty. Continuous duty. rat- 
ings are slightly lower. Available for all 
commercial frequencies and voltages. De- 
scriptive Bulletin 508 available. Cutler- 
Hammer. Inc.. 296 North 12th St... Mil 
waukee. Wis. 


Air-Cooled Power Resistors 


Developed to meet the demand for a 


power resistor that was smaller. more 


adaptable for various mounting arrange- 


ments. cooler running in smaller spaces. 


and that would not be affected by mois 


i 






es 


ture and atmospheric conditions. Type 
CA resistors are manufactured in stand- 
, in. long by 
I}. in. O.D. Both ends of the bobbin are 
tapped and threaded for a 6/32 
Available for 


mounting or center tapped or series con 


ard size units measuring 1° 


Screw. 
upright or horizontal 


nected for higher wattage use. Mount 
ings are not furnished with the resistor. 
Rated at 50 watts. eecuraev 3 per cent. 
resistance range 10 to 50.000 ohms. De 
scriptive leaflet available. Precision Re- 


2 Badger Ave. Newark. 


sistor .o.. oa 


i. 2 


V ariable-Speed Pulley 





Improved “Speedmaster” pulley molded 
of solid high impact strength phenolic 
plastic. trued and balanced before final 
assembly. An improved pressure lubri- 
cated bronze sleeve allows the splined 
center sheave member to operate freely. 
regardless of load on speed. \dvantages 
claimed by the manufacturer for the 
Speedmaster pulley are: a six-to-one up 
to a forty-to-one ratio of infinitely vari 
able speed. the use of standard V-belts. 
and long belt and pulley life because of 
the molded plastic work faces. Unit avail- 
able in two sizes. a 3%-in. diam. size 
for drives up to 4% hp. capacity. and a 
6\5-in. diam. size for drives up to 3 hp. 
capacity. Continental Machine Special 
ties. Inc.. Minneapolis. Minn. 


Streamlined Counters 


An entire new series of counting ma- 
known as Series H_ Producti- 
meters. including stroke and revolution 


chines. 


counters in 20 variations to fit any in 
dustrial application. Counters have dust- 


‘ 
: 





tight metal covers with dark gray ecrackl 


finish, and require no attention or main 
tenance as all shafts run on oilless bear 
ings. Louvered windows and all meta 
number wheels with large black figures 
on white background make easy reading 
of the count at some distance from. the 
Series H Productimeters are 
available in’ stroke o1 


counter, 
rotary. models: 
non-reset. wing nut reset. or tumbler 
lock reset: operating levers on left or 
right: shaft extensions on left or right 
or both ends: five or six figures: rota 
countet! clockwise. 


Milwaukee. Wis.. and 


tion clockwise or 
Durant Mfg. Co.. 
Providence. R. I. 


Light Relay 


Compact. inexpensive light switch util 
izing a conventional emissive type photo 
electric cell. feeding one stage of amplif:- 
cation. The amplifier is a standard radio 
tube. the output of the tube operating a 
telephone Iv pe relay to insure speed Ol 
maximum sensitivity te 
small light changes. 


operation and 
Relay contacts are 
rated at 75 watts. arranged for both a 
make and a break circuit. Unit is 6 it 
long. 4% in. high and 3% in. wide. A 
companion light source is housed al 
identical container. According to manu 


facturer. when operating under ideal co! 
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is 0 in. 
wide. A 
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fo) manu 


deal con 


ditions. the beam of light between the 
light source and the photo-electric unit 
may extend up to 35 ft. Typical applica- 
tions of the unit include controlling con- 
yeyors. starting and 
upon light beam interception, and many 


stopping motors 
other applications where the frictionless 
interception of a beam of light is to close 
or open an electrical circuit to initiate 
Control 
Detroit, 


Electronic 


Blvd., 


actuation. 
2667 E. 


desired 
Corp Grand 


Mich 


Photoelectric Counter 


Known as Type PC-3. this counting 
equipment has been developed to meet 
the need for accurate counting of high- 
speed machinery. Equipment consists 
of photoelectric cell relay, light source, 
power supply and counter. The polar- 
ized plug connections for cables permit 
the photoelectric cell amplifier and relay 
to be readily removed for check and re- 
Equipment is guaranteed to 


600 minute 


placement. 
be accurate to 


counts per 





Pittsburgh, Pa. 
Volding Compounds 


rials. Durez 38-443 and 








| pressive 


resistans 190 deg. F.. 


] P ° . 

1.80. Dur \ 38-646 compound is claimed 

te . rr 
: » hav exceptionally low specific 
| Stavity f.- asbestos-filled molding com- 


pounds. | 
Impact s 


strength 00 (ASTM). compressive 
‘trength 2 000 (ASTM). General Plas- 
tes. Inc. \ orth Tonawanda. N. Y. 


March, 139 


or 36,000 counts per hour. Estimated 
tube life is 7.000 to 10.000 hr. Lipman 
Engineering Co.. 415 Van Braam St.. 


Iwo new asbestos-filled molding mate- 
Durez 38-646. 


The former was formulated specifically 
‘0 meet Underwriters’ specifications of 
withstanding 200 deg. C. for 72 hours. 
Impact rength is 0.23 (ASTM). com- 


reneth 28.000 (ASTM). heat 
specific gravity 


it resistance is 500 deg. F.. 
te-ngth 0.19 (ASTM). flexural 





Comparator 


\n internal and external comparator 
with adjustable contact pressure. Model 
36B-B for measuring L.D. of small holes 
and O.D. or thickness to less than 0.0001 
in. Three basic methods of measurement 
are possible: two adjustment contact. tri- 


angular three point adjustment and 
direct diameter three point contact. 


Adjustment 
front of the 
jaws are made to suit re- 


Plates are interchangeable. 
screws are located in the 
base. Contact 
quirements for inside diameters between 
0.375 and 3.375 in. or outside sizes up to 
2.625 in. and are interchangeable for 
different sized holes or outside measure- 
ments. Federal Products 1144 


Eddy St... Providence. R. IL. 


Corp.. 


Marine Engines 





Inboard air-cooled marine engines in 
ten models ranging from 1 to 35 hp. for 


use in auxiliary o1 
Wisconsin 


modified to suit 


These are standard 


models marine 


They have high tension magneto with im- 
pulse coupling mounted on the outside 
for ready access. special marine carbure- 
tion, special nickel-chrome valve seat in- 
They can 


serts. Timken roller bearings. 


propulsion service. 
engine 


service. 
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be equipped with reduction gearing. re- 
verse gears and with clutch. No thrust 
bearing is required between the engine 
shaft. 
flame 


and propeller Combination air 
cleaner and 
with all models. A single-cylinder, 1-hp. 
is illustrated. De- 


Wisconsin 


arrester is furnished 
motor with stub shaft 
scriptive leaflet available. 


Motor Corp.. Milwaukee. Wis. 


Combination Magnetic 
and Circuit Breaker 


An addition of combination magnetic 
starters and circuit breakers to their line 
of industrial control. Device measures 
11, in. wide by 1%4 in. high. Available in 
the range of 0-25 hp. control at 110-550 
The Electric Mfg. 


Co.. Plainville. Conn. 


volts a.c. Trumbull 











Protected Transformer 


Known as the “Tropex” transformer, 
protected by a complete covering of a 
special transparent and elastic compound 
which is highly resistant to adverse cli 
conditions. especially 


matic excessive 





moisture. The Tropex finish is said to be 
practically odorless. neat appearing and 
Bulletin avail- 
able. Thordarson Electric Mfg. Co.. 500 
W. Huron St.. Chicago, Il. 


clean and easy to handle. 











No 


Microtrol Relay 


\ completely automatic, ultra-sensi- 


tive controller, entirely self-contained, 
and housed in a weatherproof case. Com- 
bining the Sensitrol relay Model 705 


Model 712. the 


Microtrol relay is designed for an oper- 


and the power relay 
ating interval in which the power relay 
will open and close once each 4+ sec. The 


relay will remain closed approximately 


3 sec. and open | sec. These time inter- 
vals can be changed on special order. 
so that the device will close once each 


remain 


once each minute. or 


5 i, 





closed continuously until conditions re 
Available in the same 
ranges as the Sensitrol relay Model 705. 
the Microtol Model 726 is in- 


tended for use on 120 volt. 60 evele cir- 


turn to normal. 
relay 


cuits. For special requirements the relay 
can be supplied for any commercial fre 
quency, at voltage ranges from 12. to 
250 volts. Weston Electrical Instrument 


Corp.. Newark. N. i. 


Cooling Water Control 


Designated as Type TR-40. this regu 
lator was designed especially for use on 
cooling water jackets of internal com- 
bustion engines and compressors. Con 
trol consists of a piston valve operated 


by a liquid expansion thermostat to 
throttle the flow of 


required to maintain a constant tempera 


cooling water as 
ture. The valve is provided with a bleede: 
port adjustable from the outside. which 
illows a small amount of cooling water 
to flow at all times. A’ safety device in 
the form of a fusible plug prevents dam 
age to the engine in the event of thermo 


stat failure. Control is available in sizes 


trom « to 1 in. sizes. Sarco Co.. Inc.. 


New York. N. %. 


183 Madison Ave. 








Votor Starter 


Complete line of starters) and con 
trollers using the new Neo-Time accel 
eration, designed for automatically con 
trolling the acceleration of either ace. 
or d.c. motors. The Neo-Time principle 
is based on the time required to charge 
a condenser to a predetermined voltage. 
When this voltage is reached. the con 
denser discharges through an industrial 
cause the first 


When 


this contactor closes. the same timing 


type neon tube to 
acceleration contactor to close. 
circuit is re-energized to close the next 
accelerating contactor, and this operation 
is repeated until the motor is operating 
on full line voltage. An adjustable re 
sistor is placed in the condenser-charg 
ing circuit to permit a convenient means 
of varying the time. Illustration shows a 
75 hp.. 230 volt. d.c.. Neo-Time. starter. 
It provides a total acceleration time 
minimum to about 
Adjustment of the 
dial varies the time between these limits 


varying from 15 sec. 
160) sec. maximum. 
and the use of resistors of different val 
ues given a longer range of time or a 
range of time as desired. The 
Electric Controller & Mig. Co.. 2682. FE. 
79th St... Cleveland. Ohio. 


shorter 


Colalloy 


Colallov is an alloy) of manganese. 


magnesium. silicon. aluminum (copper 


ind chromium where necessary). and 
some lesser proportions of other metals 
Depending upon the use for which it is 
intended. it is made up in a variety of 
sizes. hardnesses. streneths. endurance 
limits and other physical and mechanical 

ultimate 
12.000 to 
. Vield streneth from 
3.900 to 4.900. Brinell hardness from 20 


to 110. Melting 1.210 


properties, kon example. 


<treneth may ranee— from 


61.000 Ib. per sq. in. 


temperature Is 





} 


and thermal conductivity —t 1 


deg. F. 


deg. C. in e.g.s. units ranges from 0.7 


=e 


to 0.51. The complete range cover: mor 


than 30 alloys each suited to a purticy 


lar purpose. They will not rust, are no 
toxic and have high thermal factors. ar 
will not taint or damage the mosi de 


cate foods. Material is made in ali gage. 
sizes and forms of sheets. strips. flats 


plates. seamless tubing. fittings. stry 
tural shapes. bolts, nuts. ete. 


available. Colonial Alloys Co.. E. Sor 


erset. Trenton Ave. & Martha St.. Phil 


delphia, Pa. 


Pressure Gage 


\ power type pressure gage = suital 
for the measurement of extremely hig 


pressures and claimed to be accurate 


one-tenth of one per cent of the reading 
It provides accurate pressure reading 


on an indicating seale and = may 

transmit these readings to indicators a 
recorders located at distant prot 
Jailey Meter Co... 1050 Ivanhoe Ki 


Cleveland. Ohio. 





Triple Seal 


For bearing protection agai 
cant leakage. dirt. dust) and = moistu 
Seal consists of two split pistor 
on each side of the housing and groo 
on the outside diameter to fort 
rinth seal with the two end res 
the housing. Each ring has an inw 
tension that enables it to turn 
shaft. Tf anv lubricant should ss | 
first seal. it is returned into thi 
located in’ tl 
eroove of the bottom half of the 


Phe triple seal is made for the 


through a hole 


— 
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{ standard shaft sizes, and is de- 


range 

signed for split housings which are 
machined to allow axial freedom of the 
hearing. SKF Industries, Inc.. Front St. 
& Erie Ave., Philadelphia, Pa. 


Automatic Timer 





Designed for low cost. built-in use. the 
new Series 50 Walser automatic timer is 
equipped with silver contacts for the 
ontrol of 15 amp. of alternating current 
at 125 volts. Switeh is normally open 
ind stock timing ranges of 15. 30 and 
60 min. are available. Timer is basically 
ind dimensionally the same as the Series 
T5CH. introduced two years ago, except 
for the operating method and the newly 
designed switch mechanism. Model 503 
llustrated. Walser Automatic Timer Co., 
Ave.. New York. N. 7. 


120 Lexington 


Lift-Plug Valve 


Developed for use on air, water, oil. 


and gas services at working pressures 


ip to 150 Ib... and temperatures below 
100 deg. F. 
irom 114 to 3% in. and have three ports 
with three different 
rangement. Direction of flow is changed 
Vy a quarter-turn of the operating lever. 


Valves are available in sizes 


styles of port. ar- 


The powerful leverage and screw of the 


ilt-plug feature assures ease of opera- 


‘lon and permits the plug to be sealed 
nthe body in either of its two extreme 
Positions of travel. or in a mid-position, 


“o that all 
availabl. 
Ine., Cor 


ports are closed. Bulletin 
Valve Mfg. Co.., 


Homestead 
iopolis, Pa. 
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Sealing Compound 


\ flexible, non-hardening gasket and 
joint sealing compound, known as “Tite- 
seal.” It is non-solvent and claimed to be 
unaffected by heat. cold or extreme fluc- 
tuations in temperature. May be used as 
a gasket where tolerance permits. with 
gaskets. as a theaded joint dressing. as a 
filler with packings. as a special insula- 
tion material. and as a rust and corrosion 
preventive. Radiator Specialty Co.. Char- 


lotte. N.C. 


Snap Switch 


\ compact. low-operating pressure. 
short-travel type snap switch. The basic 
consideration in the design of the switch 
was to accomplish a quick make or break 
with a wide air gap. and still retain 
the advantages of highly sensitive, short- 
movement Switch 


operation. measures 


1gx1s2x 14 in. and operates on d.c. 
or a.c. The operating force required to 
open or close the switch is as low as 
3 oz... but types are available with oper- 
ating pressures as great as 124% oz. 
Plunger movement may be as short as 
0.005 in. or as long as 0.014 in. The 
switch illustrated is the single pole. nor- 
mally closed type. but it is also made 


in normally opened types. single-pole. 





double throw types. and other variations. 
MeDon- 
Bldg... Chi- 


Descriptive circular available. 
nell & Miller Co.. Wrigley 


cago. Hl. 


Hydraulic Transmission 


\ hydraulic variable-speed transmis- 
sion which is claimed to give precisely 
the desired speed regardless of changes 
in load. voltage. 


frequency, speed of 


drive, oil temperature or running fits 
The drive consists of a standard Oilgear 


fluid 


servo-motor 


power micro 


transmission with 
stroke control cylinder to 
adjust the pump stroke to give exactly 
the required hydraulic motor speed. Oil 
is admitted to this cylinder by a_ pilot 
valve. actuated by a small differential 
unit which continuously compares the 
hydraulic motor speed with time. or with 
the speed of any desired master unit. Pre- 
set speeds are held within plus or minus 





, per cent of rated speed when load 
changes are gradual. Available in two 
types. the disk type for general commer- 
cial applications. and the pendulum type 
which is required only when the fre- 


quency error in the power supply is 
than the tolerable error in’ the 
hydraulic Bulletin 15800 
available. The Oilgear Co.. 1301-1417 W. 


Bruce St... Milwaukee. Wis. 


greatel 


motor speed. 


Zinc Pre-Finish Compound 


For treating the surfaces of zine. zine 


coated and = galvanized 


products before 
finishing. By dipping or wiping with a 
solution of the compound. called Zinsol. 
the compound causes the formation of an 
alloy. another 
metal. to form on the surface. This alloy 


is chemically 


consisting of zine and 
inert to moisture. the 
atmosphere. and organic finishes gene- 
rally. so that it forms a stable founda- 
tion for any desired finish. such = as 
lacquer, enamel, paint or varnish. Maas 


& Waldstein Co... Newark. N. J. 


Vagnet VW ire 


Insulated with a synthetic resin of the 


polyvinyl acetal type, eliminating the 


need for “Formex” 


protective coatings. 
wire is said to have electrical properties 
as good as those of ordinary enameled 
wires. and according to tests is higher 
in resistance to abrasion and to common 
treating solvents. When severely twisted 
and then subjected to a temperature of 
125 deg. C. for one hour ordinary enam- 
eled wire cracks whereas Formex is not 
affected. Can be utilized in nearly all 


applications to replace enameled wire 





——_. 





and in many applications to replace 
enamel-cotton, enamel-paper or other 
fabric-covered wires. General Electric 


Co.. Schenectady. N. Y. 
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Centrifugal ““Motorpump” 





Particularly 


suitable for compact in 


stallations. having a depth of submerg 
ence of only 6'4 in. Designated as No. 
205. it is identical in performance. ca 
pacity and electrical characteristics to 
their No. 206 “Motorpump.” It is avail 
able with a number of different) motor 
types to meet the requirements of most 
fitted 


with a fully inclosed motor and grease 


electrical installations. Pump is 


sealed ball bearings. The stainless steel 
shaft is integral with the motor and the 
aluminum bronze impeller is the open o1 
Hydraulically — bal 


anced, the impeller is designed to allow 


non-clogging — type. 


abrasives to be discharged without ex 
cessive wear within the housing. The unit 
is suitable for supplying coolant for ma- 
chine tools and light machinery where 
dirt or abrasives may be present in the 
liquid and where a moderate volume of 
flow is desired at a low head. Brown & 


Sharpe Mfg. Co.. Providence. R. 1. 


Small Magnetic Switch 


A new a.c. magnetic switch, CR7006- 
D51, developed for full-voltage starting 
of single-, two- and three-phase motors. 
Its principal features. in addition to its 
small physical dimensions. are its con- 
servative electrical design. long mechan 
ical life. and low maintenance costs. 
Basically. the switch consists of a line 
contactor. with interlock to provide un- 
dervoltage protection, and two isothermic 
relays to 


temperature overload protect 


over-heating. These 


against 


the motor 





elements are mounted in a_ general- 
purpose sheet-steel inclosing case. The 
open-ty pe 


rigid 


switch is furnished with a 


mounting plate to 


mounting on either 


permit easy 
an insulating or a 
conducting panel. General Electrie Co.. 


Schenectady, N. Y. 


Hydraulic Pump 


Motor-driven hydraulic pump capable 
ol developing pressures up to 30.000 Ib. 
per sq. in. Also a dead weight gage for 
measuring the pressure developed. Pump 
is used for creating high test pressures 
strength of 


for determining bursting 


cylinders and spheres. for operating 
high-pressure and hydraulic intensifiers. 
and for carrying out experiments to de- 
termine the effect of high pressures and 
sudden release on various materials. 
American Instrument Co.. Silver Spring. 


Mad. 





Valve Positioner 


For use on diaphragm control valves 
to overcome the effect of friction in the 
valve stem and top. Recommended for 
use on air-operated control installations 
requiring close control or where there is 
considerable process lag. Valve positioner 
is claimed to assure a proportionate valve 
stem travel for even the slightest change 
in the pressure of the air from the con 
troller. The Bristol Co. Waterbury. 
Conn. 











Vagnetic Clutch-Brake 


Combination clutch and brake. Sty} 
“FFP.” providing friction and 
clutch, with brake. It can be engaged 


at normal motor speeds. and is claimed 


positive 


to provide smooth acceleration. positive 
non-creep running and split-second. disk 
brake stopping. Simplified control. cor 
sisting of pushbutton stations for start 
ing. running and stopping can be cor 
veniently located to provide easy. 

stant control. Clutch-brake combinatio 
is particularly adaptable as a safety di 
drives. Stearns Mag 


Milwaukee. Wis. 


vice on positive 


netic Mfe. Co.. 


Current Transformer 


Type JL-1 indoor current transform 
designed to combine the advantages « 
small size with high accuracy for mete! 
ing on low voltage circuits. Rated fi 
600 volts. available in’ three currer 
ratings. 200/5. 400.5 and 600/5 am 


General Electric Co.. Schenectady. \. ) 





Tool Steel 


\n oil-hardening. non-deforming too! 
steel, known as “Ketos.” for use wher 
toughness. non-warping and _ salety 
hardening are first considerations. Its 
widest application is for blankin«. tri 
ming and forming dies of tricatt 
from. shrinking a0 
warping combined with ability ‘0 res! 
wear, makes it particularly suitable {0 
gages, taps. master tools, blank ng die: 


design. Freedom 


and plastics molding dies. Folde: TS 2! 

available. Crucible Steel Co. of \mericé 

537 Broome St.. New York, N. 
Propuct ENGIN. ERIN 
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Manutacturers’ Publications 





Bannitt Meral 
Inc. loth & 


Joseph 7. Ryerson & Son. 
Rockwell Sts... Chicago. Hl. 


“Glyco Babbitt.” 8 pages. 84x11 in. Data 
on the physical structure of Glyco babbitt 


and recommended applications for the vari 
jus grades carried in Ryerson stock. 


Batt AND RoLvter Beartncs—The_ Ball 
and Roller Bearing Co.. 
Catalog 15, 78 loose-leaf, 6x9 in. 
Covering their line of ball and roller thrust 
bearings with illustrations and specification 


tables. 


ournal 


Danbury. Conn. 


pages, 


including radial roller bearings and 
roller bearings. Also a_ table of 
ilowable loads on chrome steel balls. 


ControLLers-—The Bristol Co... Water 
bury. Conn. Bulletin 523. Complete data on 
their Model 6089V) single-cam cycle control- 


er are presented. — Also 


describes their 
leakless pilot valves with which 


ie controllers are equipped. 


three way 
+} 


CytinperS--Hanna~ Engineering Works. 
765 Elston Ave... Chicago, Hl. Bulletin 
90 OO 


pages. 845x11 in. Illustrations. di 
nensional drawings and complete specifica 


ons covering the Hanna line of cushioned 


nd non-cushioned cylinders. 


EcecrricAL DEvELOpMENTs- General Elec- 
Schenectady, N. Y. Booklet GED 
766, 56 pages. 9x12 in. A’ well-illustrated. 


E. “Electrical 


tric Co.. 


interesting presentation of G. 
Development of 1938.” 


ELECTRICAL EourpmMent  G-M 
ries, Inc.. 1733 Belmont 
“G-M Comments.” 8 pages, 


Laborato 
Ave.. Chicago. Ill. 
8lox11 in. In 


formation on their galvanometers. photo 
tubes, power supply units. and rheostats. 


Also includes two new G-M_ instruments 
ind a new series of self-generating photo- 


electric cells. 


ELectrie ~=Propvuers Bulldog Electric 
Products Co.. Detroit. Mich. ¢ atalog 391. 
66 pages. 814x10 in. Their January 1939 


ttalog covering their line of electric prod 
its. Details on their new 
safety <witehes and 


luded, 


rocker type 
panelboards are in- 


Finters Cuno Engineering Corp. Meri 
len, Conn. “80 Ways to Make More Money.” 
“+ pages. 8'sx11 in. Presenting 80 actual 
ases of Cuno continuously cleanable filters 
‘work in industry, indexed in three divi- 
‘ions to cover the process, power and heavy 
ndustrie One section is devoted to the 
sign engineer who works in all fields. 

GEARMOTORS 


Allis-Chalmers Mfg. Co.. 


Milwauk Wis. Leaflet 2203-B. Describing 
Meir ¢ pact. self-contained gearmotor 
‘peed reducers for efficient low-speed opera 
tion, | drawings, installation photo- 
eraphs wing typical gearmotor applica- 
lions, ar table of ratings and speeds with 
NM r] motors, are included. 

GEARE YRIVES Westinghouse Electric 
. Mig. East Pittsburgh. Pa. Booklet 
2159, rages, 81x11 in. A_ profusely 
UStrate 


resentation, explaining the uses. 


March. 939 





adaptations and developments of all types 
of geared drives, with special emphasis on 
the quarry. textile. pulp and paper. coal. 
petroleum industries. and also 
other industries utilizing electrical 


steel and 


power, 


GEARMOTORS — Westinghouse 
Mfg. Co.. East Pittsburgh, Pa. Descriptive 
Data 3620, 8 pages, 84x11 in. Westing 


house gearmotors, self-contained drives con 


Electric & 


sisting of a high-speed motor and necessary 
speed reducing unit, are illustrated and dis 


cussed. 


Host Metal Hose (¢ orp.. May 
wood, Ill. Catalog G-14. 40 pages. 815x111 
in. Contains engineering 


Chicago 


illustrations and 
Rex-Weld corrugated metal 
Rex-Tube asbestos packed hose and other 
types. and couplings recommended for each 
type. Featured in the “New Products” se¢ 
Avioflex hose, RW-89 diesel 


exhaust hose. and stainless steel bellows. 


data on hose. 


tion are their 


Host—The DeVilbiss Co.. Toledo. Ohio. 
Catalog HD. 24 pages. 845x11 in. Contain 
ing information on their complete line of 
hose with specifications for each type coy 
ered, together with information for 
selection. The 


proper 
introductory section traces 
the product from the baled crude rubber. 
through the DeVilbiss hose factory and test 
ing laboratory. to its various finished forms. 
Another section is devoted to the complete 
line of hose connections. valves. couplings 
and adapters manufactured by the company. 


Westinghouse 


Pittsburgh. Pa. 
Illustrating and 


LINESTARTERS 
Mig. Co. East 
11-200. 


De-ion non-reversing linestarters with built 


Electric & 
Price List 
describing their 
in control-circuit transformers. designed for 
applications where a low voltage control ci 


cuit is desired. 


Macnetic Disk BRAKE Stearns Magnetic 
Mfg. Co.. Milwaukee. Wis. Bulletin 650. 
Describing their Stvle DM > magnetic disk 
brake. 


Mrenanite Meehanite Metal Corp.. Van 
dergrift Bldg... Pittsburgh. Pa. Booklet 
Form 100. 8 pages. 8'ox1l. Describes and 
illustrates various adaptations of Meehanite 
to pumps subject to severe service require 
ments. Results of recent cavitation tests on 
different types of Meehanite are included 


Morors—The Louis Allis Co., Milwaukee. 
Wis. Bulletin 610. 8 pages. 8%ox11_ in. 
“General Information on NEMA Standards 


and Definitions.” including suggestions for 


the proper selection of motors, types of 


drives. various types of protected 


and their definitions. Also information re 


motors 


garding service factors, rated loads. torques. 


etc. 

Motors Westinghouse Electric & Mig. 
Co., East Pittsburgh, Pa. “Simple Facts 
About Synchronous Motors.” 12 pages. 8!5% 


lt in. Booklet B-2164. Descriptive data on 
synchronous motors presented in language 
the layman can understand, details on proper 


selection. applications, and advantages. 
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NicKEL--Development and Research Div.. 
lhe International Nickel Co.. 67 Wall St.. 
New York, N. Y. Bulletin T-15, “Engineer 
ing Properties of Nickel.” 20 pages, 84x11 
in. Containing extensive tabulated data on 
the mechanical properties and physical con 
stants of nickel. <A 


commonly used 


section. is devoted to 


nickel 


the more special 


alloys. 


NICKEL ALLOY Streets The International 


Nickel Co.. Inc... 67 Wall St... New York, 


N. Y. “Iron-Nickel Allovs for Magnetic 
Purposes,” Section IV. No. 2, of the Nickel 
Alloy Steels Data Book. Deseribes these 


permanent magnet alloys and also the high 
permeability allovs containing nickel. 


Ow Pumps DeLaval Steam 
Trenton, N. J. Catalog | 


in. Illustrations and descriptive details coy 


Turbine Co.. 
31. 8 pages, Bloxll 


ering their retary displacement pumps for 


handling fuel and 


crude oil. lubricating 


oils and hydraulic oils. 


PACKING Ames Bag Machine Co.. 509 
Advance” Bldg... Cleveland. Ohio. “Short 
Cuts in Shipping.” Setting forth in’ con 


densed form the results of the expert nees 
in this field of the Ames Bag Machine 
Company. pioneers in’ the manufacture of 
cotton bags fer packing and shipping odd 
size machine, parts and small articles 


Macnets The 

Products Co... Valparaiso, Ind. 
Magnet 
in. A 


and control of magnetic 


PERMANEN1 Indiana Steel 


“Permanent 
Manual No. 12° 32 pages. 8!oxI] 


practical description of application 


energy as supplied 


by permanent magnets. Sections cover fa 


tors governing the use of magnetic energy. 


permanent magnet materials. maximun 


eficieney. and the design. manufacture and 


advantages of magnets. A section 


“Ispco” 


of typical questions and answers about 


permanent magnets is included. 


POTENTIOMETER CONTROLLERS The Fox 
Foxboro. Mass. Bulletin 202-2. 24 
y 


pages, 8lox1l in. Illustrations and com 


boro ( Dio 


plete descriptive details concerning the out 
standing features of their potentiometer con 
trollers for governing temperatures in mak 
class. ceramics and 


ing iron and_ steel, 


chemicals. Sections are also devoted to 


throttling potentiomete: controllers, electric 
resistance thermometer automatic controllers. 
potentiometer control pyrometers. and re 
Ilustra 


( ontrollers are 


sistance thermometer controllers. 
tions of installations of the 
included. 
TEMPERATURE CONTROLLERS Burling In 
strument Co., 241 Springtield Ave. Newark 
N. J. “A Message About a Heat Dictator.” 
Illustrations and brief specifications on a 
number of their temperature control instru 


ments. 


PHerwMometers C. J. Tagliabue Mig. Co.. 


Park & Nostrand Aves., Brooklyn, N.Y 
Catalog 1170. 16 pages, 84x11 in. Deserip 
tive details and illustrations of their TAG 


dial-indicating thermometers, together with 


details on accessory equipment 


VALVES The Berkeley 
1381 East W7th St.. 
letin. 


Engineering (.o., 
Ohio. Bul 
Illustrating and 
describing their floating disk valves for the 
control of air or liquid pressures to 250 Tb 


Cleveland. 
1 pages. 8'x11 in. 














Steel and Its Heat-Treatment 


Vol. Il 


D. K. BuLLens and the metallurgical 
staff of the Battelle Memorial Institute. 

Fourth edition, 198 illustrations, 491 
pages, 6x9 in. Brown clothboard covers. 
Published by John Wiley & Sons, Inc., 
140 Fourth Ave., New York, N. Y. Price 
$5.00. 


Volume II deals with the properties of 
the simple engineering steels, both car- 
bon and alloy; steels of complex com- 
position; and the special purpose steels. 
Much of the discussion not only concerns, 
as the title suggests, the heat-treatments 
of various steels but also analyzes the 
reasons for introducing the alloying ele- 
ments with their characteristics, and de- 
tails the special properties they confer 
upon steel. For the presentation of col- 
lated data covering many steels. charts 
and diagrams are used to show the influ- 
ence of basic factors. 

This second volume of the revision of 
earlier editions is a valuable guide to- 
wards making an_ intelligent choice 
among the compositions of and _ treat- 
ments for the special steels that are now 
available. 


The Engineers’ Manual 


Ratpu G. Hupson.—Second Edition, 
340 pages, 5x8 in. Flexible covers. Pub- 
lished by John Wiley & Sons, Inc., 440 
Fourth Ave., New York, N. Y. Price 
$2.75. 

A compilation of engineering formulas 
mathematics, mechanics, hy- 
draulics, heat and electricity, presented 
in a form most suitable for ready refer- 
ence. Although each formula is preceded 
by a statement explaining its application, 


including 


practically none of the formulas is de- 
rived although the sequence of formulas 
usually follows the order of their deriva- 
tion. 

This new second edition contains revi- 
sions and extensions of all tables of 
physical constants, new steam tables and 
recomputations of all conversion factors 
affected by the latest definition of the 
British thermal unit, together with 
many additions throughout the book. 

Typical of the sections, that on mathe- 
matics includes practically all of the 
formulas for the solution of algebraic 
equations, trigonometry, mensuration, 
analytic geometry, differential and inte- 
gral calculus. For this last a table of 214 
integrals is included. The section on 
mechanics covers kinematics, relations 


of mass and space. Under kinematics are 
included equations for force, energy and 
power. Riveted joints, beams, columns 
and shafts are presented together with 
tables of properties of standard rolled 
shapes. Hydraulics, heat and electricity 
are treated in similar detail. 

\ section on mathematical tables in- 
cludes the usual logarithms and trigono- 
metric functions in addition to which are 
tables on orifice and weir coefficients, of 
friction factors, steam tables, magnetic 
curves of iron and steel and_ similar 
tables. A table of conversion factors cov- 
ering 14 pages is an outstanding feature 


of the book. 


Fractional Horsepower A.C. 
Motors 


H. H. Jones. 189 pages, 5x7, in. 
Blue clothboard covers. Published by 
the Chemical Publishing Co., 148 La- 
fayette St., New York, N. Y. Price $3.00. 

Working principles of fractional- 
horsepower a.c. motors of various types 
are described in simple, non-technical 
style, and no advanced mathematical 
knowledge is required for solution of the 
various formulas. Practical details of 
construction, coil winding, testing and 
repairs are included, along with a chap- 
ter on silencing and suppressing of radi- 
ated interference. 

Motor types discussed are universal, 
repulsion-induction, synchronous, eddy- 
current. Chapters on each include data 
on operation, stator design, winding cal- 
culations, efficiency, starting, torque and 
applications. 


Design of Industrial Exhaust 


Systems 
Joun L. ALpEN. 220 pages, 5%x8%% 


in. Blue clothboard covers. Published by 
The Industrial Press, 148 Lafayette St., 
New York, N. Y. Price $3.00. 

This book covers the theory of the 
flow of fluids and then goes into the 
design of hoods, ducts and pipes, the 
operation of dust separators, low pres- 
sure conveyors, exhaust fans and struc- 
tural details in the layout of ventilating 
systems. The data on exhaust fans con- 
cerns primarily their applications and 
operating characteristics. 

In his presentation of the subject of 
fluid flow, the author has aimed to 
gather the widely scattered information 
and data which has appeared in different 
publications but which is no longer 
readily accessible. This material has 





been selected and abridged anc pre. 
sented in a form to make it most isefy] 
to the designer. 

In the chapter on hood forms. the 
author first covers the theory of oper. 
ation, develops the equations for typical 
hood contours and then shows tlie de. 
signs of some typical exhaust hoods 
such as used on woodworking saws, 
shapers, planers, sanders and hoods fo; 
metal-working abrasive processes. Hoods 
for canopies over tanks are included, 


Theory and Applications of 
Electron Tubes 


Hersert J. Reicu.—670 pages, 614) 
914 in. Blue clothboard covers. Published 
by the McGraw-Hill Book Co., Inc., 33 
West 42d St., New York, N. Y. Price 
$5.00. 

Although written primarily as a text 
book for students, this book 
should be of considerable value to engi 


college 


neers for reference, since the basic prin 
ciples presented are applicable to indus. 
trial electronics, power control and ele 
trical measurements as well as to radi 
engineering. No attempt has been mac 
to discuss all possible applications of 
tubes to special problems; the aim has 
been rather to cover basic principles and 
typical applications. Equivalent-circuit 
and graphical methods of analysis are 
stressed throughout. The book is com 
pletely cross-indexed and has an exten: 
sive bibliography at the end of each 
chapter. 
ee e© e@ 


Industrial Instruments and Changing 
Technology 


Georce PerazicH, HERBERT SCHIMMEL ANI 
BENJAMIN ROsSENBERG—W orks Progress Ad 
ministration, National Research Project, Re 
port No. M-1. 148 pages, 7x10 in. Published 
by the Works Progress Administration, Put 
lication Section, Division of Information, 
Washington, D. C. 


This report presents the history, function 
and economic effects of measuring, recording 
and controlling devices in industry. It was 
prepared as one of the reports of the Na 
tional Research Project on Reemployment 
Opportunities and Recent Changes in Indus 
trial Techniques. The field data were col 
lected in cooperation with the Nations 
Bureau of Economic Research. 


Methods and Equipment for 
Testing Safety Glass 

Ray B. Crepps ano C. S. Spracue—Re 
search Series No. 61, 15 pages, 0x9 ™ 
Published by Purdue University, /afayetl® 
Ind. 

These tests were designed to ind cate the 
mechanical, chemical and optica! charac 
teristics of the laminated combination 
glass and plastic material. Althoug!: the ” 
formation presented pertains to th» testiRs 
of safety glass, in many cases the eiuipme®! 
and methods used may be readily adapte® 
for testing other materials of sh: 't form 
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' pre- 
iseful > Tg IATL T ’ ie 7 "ATS Y 
PRODUCT ENGINEERING + REFERENCE BOOK SHEET 
1s, the 
Oper- 
typical 
he de. 
} e 
- Magnet Coils 
eis agne OUtS 
i) 1s for 
Hoods M . P ] d ‘ C ; . 
led agnetic Pull and Spool Construction 
| of GRAHAM LEE MOSES 
Westinghouse Electric & Manufacturing Company 
S, ON4. 
blished a : . ‘ ' : : ‘ 
1c... 330 AGNET COILS have for their primary purpose the involving a consideration of the saturation properties of the 
: production of a physical force to cause mechanical iron with varying reluctance of different sections as well as 
motion or to hold against some reaction. This force the effect of air gap. However, where air gaps are present 
or produced by magnetic flux linking the coil, magnetic the resultant flux is largely determined by the reluctance or 
< CXl- fi mi: . . . . a . we ° . ° 
= book § structure and armature. This magnetic flux is produced by magnetic resistance of the air gap. For a given air gap it is 
to engi: | 2 Magnetic pressure or magneto-motive force. For a particu- possible, therefore, to arrive at a rough approximation of 
ic prin. | lar magnetic structure with a specific air gap this magnetic the ampere-turns required to produce a given flux and result- 
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approximately correct as long as the iron is not used at a 
flux density above the “knee” of its saturation curve. Ty pical 
saturation curves are shown in Fig. | for standard magnetic 
materials. | 
Where AT — ampere turns 
F = force in lb. 
6B = flux density im tines per sq. in. 
 — total flux 
a — area in sq. in. of one pole face (assuming 
both pole faces are the same ) 
L = length of air gap in in. 
The air gap pull of any electro-magnet can be approxi- 
mated from 


B> Xa 
72,130,000 


The ampere-turns required to produce a given total flux 
can be calculated from 


i eK it 
17 
3.192 

Combining Equations (1) and (2) and substitutine for & 
its value aB the ampere-turns required to produce a given air 
gap pull can be estimaied as follows: 


Al 2.660 < L > \ 
a 


Ampere-turns against lb. pull per sq. in. of pole face are 
plotted in the curves of Fig. 2 for various air gaps. 

These data should be used only as a guide in the prelimi- 
nary determination of the various factors. 
methods are extremely complicated and even these generally 
require checking by test on the final magnetic circuit. 

Magnetic coils can be divided into two general classes 
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Typical One-Piece Molded Spool Construction 
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Typical Built-Up Spool Construction FIG.3 











Fig. 3—Typical one-piece and built-up spool constructions 


magnet coils 


according to construction: namely. (1) those wound in 
spools and. (2) those wound on tubes in such a manner that 
they are self-supporting without end washers. Spools may be 
either molded complete or built-up from tubes and end 
washers cemented or bonded together with resinous tate. 
rials. In general the built-up spool uses a double tube 
construction, an inner tube serving as the mechanical sup. 
port and an outer one as a seal tube separating the end 
washers. All spools for coils wound “straight-up” in a 
single section are provided with a “starting washer” in addi- 
tion to the end washers. with a slot for bringing the starting 
lead from the bottom layer to the outer surface. Sometimes 
instead of a separate slotted “starting washer.” one end 
washer has a grooved recess for bringing out the starting 
lead. A typical molded spool construction is shown in Fig, 3 
the construction of a built-up spool is also shown. 

“Self sustained” coils are those wound in “Universal” 
automatic winding machines. usually with enameled wire, 
They can be wound on a single thin wall insulating tube 
and need no end washers for mechanical support. While the 
turns are wound in a close spiral the machine winds one or 
more cotton threads in an open spiral so that the cotton lies 
diagonally alone the barrel surface. The interlacing cotton 
overlaps the wire travel at each end and builds up a cotton 
wall. This performs the dual purpose of supporting the 
winding and providing an insulating barrier at the ends. 
Sometimes. particularly on coils for over 250 volts. end 
washers are added to furnish more positive mechanical 
separation of the coil from the adjacent apparatus. On this 
type of coil no slotted “starting washer” is needed. the start 
ing lead is usually insulated by wrapping it with treated 
cloth and then embedding it in the cotton end wall. 

On spool type coils a certain amount of extra space is 
needed for tube wall thickness and for the starting washer 
while on “self-sustained” coils the cotton wall occupies 
approximately | in. at each end. On long coils the winding 
space lost because of the presence of the cotton wall is of 
little importance but on short coils it may be prohibitive. 
On short coils with few turns per layer and on coils of wire 
larger than No. 20 A.W.G.. spool construction is usually 
preferable. Coils using No. 20 wire or finer should generally 
be of the 


because of the lower cost obtained with the automatic wind 


“self-sustained” type wherever length permits. 


ine machines. 
Another form of self-sustained coil is that wound on 
This is 


satisfactory where a high voltage between layers is encout 


automatic machines with paper between layers. 


tered particularly on coils using very fine wire. However. 
the space factor usually is not as good as on other type 
of winding. 

In general it is desirable to use spool wound coils on 
higher voltages particularly where creepage to ground is 4 
serious problem. However. “Universal” wound coils with end 
washers properly cemented on are used very successfully 
on 600 volt d.c. service. Where proper equipment and 
trained personnel are available universal winding has 
proven satisfactory on all coils wound with enameled wire 
from No. 20 A.W.G. and smaller. With wire larger tha! 
No. 20 A.W.G.. spool wound coils are preferable and the 
wire should generally be wound in even layers. 
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